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Area dealt with. 


Chapter I.— INTRODUCTION. 

(R. D. Oldham.) 

The area with which the following report is primarily concerned 
is that portion of Rewah territory which lies 
south of the Kaimur scarp, forming a strip 
of ground about 25 miles broad, and bounded by the British districts 
of Jabalpur and Mirzapur on the west and east respectively. Some 
references to it Will be found in Mr. Mallet's Vindhyan Memoir, 
but these were based solely on two rapid traverses by Mr. H. B. 
Medlicott from east to west of the tract comprised in Rewah 
territory. 

Of the country east and west of Rewah there are old surveys^. 

Hiitory of the survey. made b Y Vari ° US men,bers of the Geological 
Survey previous to 18731 but the survey of the 
part comprised in the Rewah State was first undertaken in 1893 by 
Mr, T. H. Hughes. Owing to other demands on the survey a 
number of different officers have been detailed for work in Rewah,, 
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and the resulting memoir suffers from the drawback of being a 
compilation from the work of a number of men who have each 
surveyed different portions of the area. In 1894 the survey having 
been put into my charge, I had not only to re-survey a portion of 
the area, but also made several tours of the region for the express 
purpose of linking up, so far as possible, the work of other officers of 
the survey. 

On the map accompanying this memoir the geology of the part 
comprised in Rewah State is exclusively based on the recent surveys. 
In Mirzapur the boundary of the lower Vindhyans was re-surveyed 
by Mr. Vredenburg in 1895-96, but with this exception, and some 
modifications mentioned in the text, the geological outlines are 
taken from the old surveys. West of Rewah the country has not 
been revisited and the old surveys have been incorporated. Very 
little reference will be found in the following pages to the area 
covered by the map outside Rewah State, but its incorporation 
in the map was considered advisable in order to complete the 
geological features which would have been but imperfectly ex- 
hibited if the map had been strictly confined to Rewah territory. 

Of previous published accounts of this area there are very few. 

Pravioua accounts. F ° r the earlicr °“ eS rcference be ®«de to 

Mr. Mallet’s memoir 1 published in 1869. Since 
that date the only published statements regarding the region dealt 
with in this memoir are to be found in the Records of the Geological 
Survey of India. 

An analysis of Galena, 1 a description by Mr. T. H. Holland of 
some rocks collected by Mr. P. N. Bose * and three analyses of iron 
ore* are printed in the lists of assays and examinations made in the 
laboratory of the Geological Survey, Some specimens of norites from 
this area are described in a paper by the same author in Vol. XXX. 
of the Records, Geological Survey of India, pp. 16-42. 

1 Mem., Geo!. Surv. Ind., Vol VII., pt. i. 

* Rec., Geol. Surv. Ind., Vol XXVI., p. log. 

• Rec., Geol. Surv. Ind., Vol XXVll., p. l4 g, 

4 Rec., Geol. Surv. lad., Vol XXX., p. sjfc 
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Besides these there are two papers in Vol. XXVIII. of the Records 
and one in Vol. XXIX., which have been incorporated in the following 
memoir. 

The authorship, and more particularly the authority, of the 
following memoir is necessarily composite* 
Aut m^cMr. 0< *** Where possible the authority for the state- 
ments made is given, and in the case of the 
chapters written by Mr. P. N. Datta and Mr. E. Vredenburg both 
authorship and authority are exclusively theirs. The rest of the 
memoir has been compiled by myself and is based on the reports 
and surveys of the following officers of the Department, namely, 
J. G. Medlicott, H. B. Medlicott, W. L. Wilson, F. R. Mallet, 
C. A. Hacket, T. W. H. Hughes, H. Kane, T. H. Holland, P. N. Bose, 
F. H. Smith, G. E. Grimes and Kishen Singh. In cases where more 
than one officer has visited a place it has not been possible in every 
case to quote the authority for a statement which may be a combina- 
tion of the work of more than one person. As a general rule it 
may be taken that statements made without qualification are the 
result of my observations, or have been verified by me ; where they 
are made entirely at second hand the name of the authority on which 
they are made is always given. 
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CHAPTER IL— STRATIGRAPHY. 

(R. D. Oldham.) 

The oldest rocks in the area under description belong to that 
complex of unfossiliferous and more or less 
Tf«piit»oM^Bijswsr metamorphosed rocks to which the name transi- 
tion is applied for want of a better one, and 
of these by far the greatest portion may be ascribed to a series 
of slates or schists 9 associated with volcanic beds and jaspers which 
resemble in generat type the Bijawar series of Bundelkhand. The 
petrology of these rocks of Bijawar type, or rather of the more 
peculiar members of the series, has been studied by Mr. Vredenburg, 
whose description is printed in Chapter IV of this memoir. 

Besides the Bijawar series, as it may be termed, there is at least 
one series of later age included in the area 

Newer congl ofn cra t— . 

coloured as transition. The distribution of 
these rocks could not be worked out, the area they cover seems 
comparatively small, but their distinctness is conclusively proved 
by the occurrence of pebbles of Bijawar jasper, and especially of 
the very conspicuous and easily recognisable red jasper of that 
series, in the basal conglomerate of the newer series. 

The principal exposure of these rocks is between Long. 82° and 
8a°30 # E., where they occur immediately south of the narrow strip 
of newer rocks. Other exposures are known, but it was not found 
possible to map them as a distinct series owing to the difficulty of 
separating any but the basement beds from the older transitions. 
It is in fact somewhat doubtful whether they should not be classed 
rather with the newer series of sedimentary rocks which will be 
described later on, but the difficulty of separating them from the 
transitions, as compared with the comparatively well-marked distinct- 
ness of the newer series, has influenced the decision, and they are 
treated, as they were necessarily mapped, as belonging to the transi- 
tions. 

The relation of these newer transitions to the granitic intrusions 
has not been made out as they have not been 
Relat i2?r2iS3 nit,e found in contact with each other, but with this 
possible exception that the newer transitions. 
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may be of later date, the next succeeding formation, in point of age, 
is the intrusive granite. This, as will be seen from the map, is 
found in two main exposures, respectively north and south of the 
transition area, and bounded on their north and south margins by 
newer rocks : Vindhyans to the north and Gondwanas to the south. 

Of the relation of the crystallines to these newer sedimentary 
formations there is no doubt, in both cases there is a marked uncon- 
formity, the crystallines having been uplifted, denuded and then 
covered by newer deposits. The junction of the crystallines with 
the transition rocks is less definite and even open to the possibility 
of more than one interpretation. 

Along the whole of the junction of the transition and granitic rocks 
there is a band, sometimes reaching two or three miles in width, 
where the gneissose and schistose rocks occur intermixed, and in 
the few sections exposed in stream-beds the gneiss is seen to occur 
in veins or bands running more or less parallel with the foliation 
of the schists. Sections of this nature were at one time held to 
indicate an interbedding of gneiss and schist and to prove the 
conformity of the two series; the interpretation is not, however, 
now in favour, and in the area under description there are, in 
spite of the imperfection of the contact sections, indications that 
this is not the true interpretation. 

In the first place there is the evidence of contact metamorphism 
Not only do the transition slates become dis- 

Contact metamor- _ 

pbism. tinctly more schistose as the granitic masses 

are approached, but in the sections occasionally 
seen in stream-beds, it is seen that the schistosity often increases 
markedly in the immediate neighbourhood of the gneissose bands, 
indicating that the latter had been injected in a heated condition 
and caused a certain amount of local change in the rocks they 
invaded. Secondly, it is seen, in these sections, that the gneissose 
bands do not invariably follow the foliation of the transitions, but 
occasionally cut across it ; the foliation having in this case been 
developed parallel with the bedding planes. Thirdly, inclusions of 
schist are found in the bands of gneiss. 


( 5 ) 
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Lithology. 


All these facts point to the conclusion that the thin bands of 
gneiss are in reality intrusive sheets, emanating 
1 itfiiettAr©* f rom the main granitic mass, which have taken 
on a foliated structure like the thin sheets of the so-called 11 central 
gneiss ” in the Himalayas, The intercalation of the gneiss and 
schists is in fact a case of what Professor Edgeworth David has 
called 11 sill structure/* 

Comparatively little attention was paid to the lithology of the 
gneissose and granitic rocks. On account of the 

Lithology. 

comparative rapidity of their decomposition 
they occupy low ground, round which the harder rocks of the transi- 
tions stand up in hills ; in consequence of this depression of the 
surface it is largely covered with recent deposits, and the rocks very 
ill exposed, except occasionally in the stream-beds. The rock is 
generally a massive crystalline gneiss, in which the foliation is 
often so indistinct that it becomes unrecognisable in hand-specimens. 
At times the rock is porphyritic with orthoclase crystals running to 
a couple of inches in length and scattered irregularly through the 
rock with their longer axes at all angles with the foliation planes. 

The massive forms are usually found in the main exposures, and the 
more foliated forms near their boundaries and in the thin sheets 


penetrating the transitions. 

Associated with the gneiss are veins of aplite, composed of 
quartz and pink felspar, which often becomes a graphic granite. 
Quartz-veins are common, and there are numerous intrusive dykes 
of dark-coloured aphanite and hornblendic trap which become 
amphibolite in many cases ; unaltered cores of augite in the centra 
of the hornblende crystals show this to be an altered pyroxenite. 

An intrusion worthy of special note is one of a coarse-grained 
olivine-norite, in the bed of the Son near Kaithaha, It consists 
of apatite, olivine, enstatite and augite, biotite, plagioclase, with 
actinolite and enstatite, biotite and magnetite occurring as secondary 
minerals. This rock which has been described by Mr. Holland 1 


1 Rec., Geol. Surv. Ind., Vol. XXX., pp. 2o-2i (i 3 97), 
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is principally remarkable for the conspicuous “ reaction rims” sur- 
rounding the olivine crystals. 

Between the intrusion of the granite and the formation of the 
* • . ' .. ' . next successive sedimentary series ensued a long 

granitic intrusions. period, possibly bridged over in part by ton later 

conglomerates mapped as transitions, though, as has been pointed 
out, there is no evidence of their age relative to the granites. During 
this period there was evidently a good deal of disturbance of the beds, 
as is evidenced by the strong divergence of dip between the Bijawat 
and the unconformable lower Vindhyan beds on some sections, and 
one of the leading structural features of the region was marked 
out. 

It will be noticed that the crystalline rocks are exposed in 
_ . . two areas respectively north and south of the 

band of transition rocks, and as the former must 
have consolidated at a considerable depth below the surface, this 
implies a greater structural elevation of the areas they now occupy 
than of the intervening belt. In other words, the transition rocks lie 
in a great synclinal depression or synclinoripm, and the fact that 
the crystallines are unconformably covered by the lower Vindhyans 
shows that they must have been raised and laid bare by denuda- 
tion even at the early period of the commencement of the Vindhyan 
epoch. 

The synclinal depression formed at that period was continued 
and increased during succeeding geological ages, as is shown by 
the line of outlines of newer rocks which runs through the transition 
area. The axis of elevation lying north of this line is continued 
into the Vindhyan rocks towards Sarsi on the one hand and Bijai- 
garh on the other, and, as will be shown later on, was apparently 
marked by an actual elevation of the surface level even in lower 
Vindhyan times. 

• Following on that undefined collection of more or less metamor- 
junge) or Re4 stale phosed sedimentary series, which is classed as 
senes. transition, comes the oldest which can be 

( 7 ) 
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recognised and mapped as a separate series. Its individuality was 
first recognised in 1894-95, previous observers having classed the 
beds of this series with the transitions or, in places, with the lower 
Vindhyans. No complete section of the series is seen anywhere; 
and it is consequently difficult to select a local name for the series; 
if any be adopted it should be taken from the village of Jungel 
(Joongeyl) on the borders of the Mirzapur district, near to which 
is an extensive exposure and a very complete section. In view, 
however, of the fragmentary nature of the exposures and the proba- 
bly local distribution of the series, I do not propose to adopt a geo* 
graphical name, but to distinguish it as the “ Red shale series ” from 
the prevailing rock of which it is composed. 

The distribution of the exposures of this series is peculiar. It 

Diitribntion occurs as a series of narrow outliers, running 
about east-north-east which all occupy synclinal 
basins, though the synclinal is usually faulted on one side. At the 
extreme western end of the zone of depression running through 
the area of older rocks, and where its axis sinks under the 
great spread of lower Vindhyans west of the Kharara hill, there 
is a small exposure of the red shale series unconformably overlaid by 
the lower Vindhyans of the main exposure. With this exception 
the red shale series is nowhere in normal, and only for a short distance 
near Marai in faulted, contact with the main exposure of the lower 
Vindhyans. Elsewhere the exposures are usually bounded by older 
rocks, but in places the rocks of the red shale series are overlaid 
by newer beds of the outliers of the Vindhyan system. 

From this it will be seen that there are no indications of the 


Original extent, original extension of this series. At present 
its exposures are strictly confined to the zone 
of depression referred to above. The disturbance of the beds is, how- 
ever, great in all the exposures and the outcrops now seen are evidently 
but the remnants of a once much more extensive series of beds. 


This may possibly have extended northwards under the area now 


occupied by the Vindhyan system, but if so it is strange that 

( 8 ) 
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there is no remnant of them to be found along the whole length of 
the boundary between Marai and Chopan. 

In the western exposures the section is very incomplete, the 

'Subdivision into stages. &***“ P aft ° f the series havin g been amoved 
by denudation previous to the deposition of 

the lower Vindhyan strata ; in the eastern exposures, where the sec- 
tion is more complete, the series is divided into three principal 
stages 


(3) Lower, sandstones and conglomerates. 

(2) Middle, shales. 

(1) Upper, sandstones or quartzites. 

The divisions between these stages are not well marked, and 
rocks of both types are found in every stage, though the prevailing 
facies is, as indicated by the nomenclature, that of fine-grained beds 
in the middle and coarser ones above and below. Conglomerates 
are confined to the base of the series. 


The lower stage varies in thickness from 15 or 20 feet to 500 feet, 
the variations being in part due to the horizon- 
wet stage* ta | replacement of the sandstones near its 

upper limit by shales, but principally to inequalities of the surface 
on which it was deposited. Near the base of the series, but not 
as a rule forming the lowest bed, a conglomerate is a frequent mem- 
ber of the series, and is usually thickest on those sections where 
the lowest stage attains its greatest thickness. 

Conglomerates, in the true sense of the word, are, however, of 
somewhat rare occurrence in the series, and usually of small thick- 
ness. Pebbles, on the contrary, are very abundant in the sand- 
stones of the lower stage, usually tolerably well or perfectly rounded, 
of small size, as a rule not exceeding two inches but occasionally 
ranging to six inches in diameter. These pebbles are found scattered 
through a sandy matrix in varying proportions, usually they are 
separated from each other by several inches or feet of matrix, but may 
occur in increasing proportion, till the rock finally passes into a 
(rue conglomerate. 


( 9 ) 
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A rock of the character of that just described is essentially and 

Subtend origin inevitably of subarial origin. The peculiar mix* 
ture of pebbles with fine sand is impossible 
Os a subaqueous deposit, for the current capable Of moving the oi\e 
would sweep away the other. In the case of a stream flowing on 
the surface of the land different conditions prevail ; there is at every 
point a certain level, determined by the conditions of the stream, 
below which it cannot erode. Pebbles may consequently be swept 
over a surface of sand, which the carrent is unable to attack because 
it lies at too low a level, and subsequently become covered by a fresh 
accumulation of sand. The frequent occurrence of current bedding 
in the sandstones, and the manner in which shale beds give way 
laterally and vertically to beds of sandstone, all point to the same 
conclusion, that these deposits were formed subaerially by streams 
flowing over the surface of dry land. 

The arenaceous lower stage passes upwards into the argillaceous 
middle stage. The rocks composing this 
Middle tfage. are mostly shaly, though sandstones also occur ; 

the prevailing colour is red varying from dull brick to bright 
vermilion, as a rule pure and free from any tendency towards violet. 
As is common in red rocks a pale green colour is common occurring 
as a mottling or in patches of larger size, the boundaries between 
the two colours being quite independent of the bedding planes. In 
the eastern exposures, where the sections are most complete, some 
pale grey shales are found near the top of this stage. 

The upper sandstones are only well seen in the two easternmost 
exposures, they resemble those of the basal 

Upper stage. 

stage, being white, much false*bedded and, in 
tho ] ungel outlier, containing scattered pebbles. 

The thickness of the series as a whole varies much in different 
, exposures the greatest being seen in the most 

easterly, where it is estimated by Mr. Vredeq- 
burg at about 1,500 feet, and as an unknown thickness of beds, above 
the uppermost seen, has been remeved by denudation, the original 
( 10 ) 
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thickness must have been greater than this. The thickness seen 
in the other exposures varies greatly and is always less than this, 
the difference being in part due to the removal of the upper beds 
by denudation. It is probable, in a series formed as this has, that 
there were great original variations in the total thickness, as there 


certainly are in the thicknesses of the individual stages. 

The basal stage, as has already been mentioned, varies from ao 
to 500 feet within short distances. The middle stage too is subject 
to %reat variations, the most striking case being near Ghurder. In 
the scarp above that village there are only some 10 or 12 feet of shale, 
representing the middle stage, the rest of the series being entirely 
composed of sandstones ; about a mile to the north of this scarp the 
shales have thickened to several hundred feet, but it is uncertain 
how far this is a real thickening of the stage or due to horizontal 
replacement of the sandstones by shales. 

The upper stage of sandstones is only represented in the two 
easternmost exposures, and most conspicuously in that furthest east. 
Near Ghurder it attains a thickness of about 300 feet and in the 
Jungel outcrop there would seem to be at least 1,000 feet exposed, 
according to Mr. Vredenburg. 

Following on the red shales in ascending order come the rocks 
of the great Vindhyan system. These arc 

Vmdhyan system. divided into upper and lower, the former consist- 
ing of three divisions to which, on account of their thickness, the 
word series might not inappropriately be applied, though through- 
out the three there is a prevailing uniformity of character which unites 
them in one great series of sandstones with subsidiary zones of 
shales or limestone. The lower Vindhyans, on the other hand, are 
sharply distinguished from the upper by the prevailing rocks being 
shale or limestone, sandstones forming but a small proportion of the 
total thickness, and being usually more earthy and impure than 
those of the upper Vindhyans. 

The subdivision of the lower Vindhyan series which is best 
known is that of Mr. Mallet, published in his 
memoir “ On the Vindhyan series in the North- 

( 11 ) 
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Western and Central Provinces ”, and repeated in the two editions 
of the Manual of the Geology of India. Mr* Mallet’s zones are as 
follows 1 

ii. Limestone. 

io. Shales. 

9. Limestone. 

8. Shales, sandstone, 

7. Limestone. 

6. Sbaly sandstone. 

5. Porcellanic shales. 

4. Trappoid beds. 

3. Porcellanic shales. 

2. Limestone. 

1. Conglomeratic and calcareous sand- 

stone. 

This classification was formed in the eastern part of the Son 
valley exposure of lower Vindhyans, beyond 
Subdivision mto stages. li m it of the map attached to this memoir, 

and in that area all the eleven zones can be readily recognized. 
In the western area it was found that though the sequence on 
the whole resembled that described by Mr, Mallet, the individual 
zones could not be recognized with certainty and a more general- 
ized classification was adopted as follows : — 

4. Rohtas stage. 

3. Kheinjua stage. 

2. Porcellanite stage. 

1. Basal stage. 

Of these the lowest includes Mr. Mallet’s Nos. 1 and 2, the Porcel- 
lanite stage his 3, 4 , and 5, the Kheinjua stage, his Nos. 6, 7, and 8, 
and the Rohtas stage Nos. 9, 10, and 11. 

It must, however, be borne in mind that these stages are not 
separated from each other by well-defined horizons. They merely 
represent different facies of deposits which pass into each other, 

1 Mum., Geol. Surv. Ind., Vol, VII., p. 28. 
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and it is more than probable that the boundaries as mapped do not 
represent isochronic divisions. That is to say, beds which in one 
section have, on account of their lithological character, been mapped 
in one stage may be contemporaneous with beds that have, in other 
sections, been mapped with those of a contiguous stage. 

The lowest of these is that which has been called basal. It 
consists of sandstone and conglomerate at the 
Basal stare. bottom, overlaid by a varying thickness of 
shales and limestone. Of all the stages it shows the greatest and 
most rapid variations in thickness, and this is especially prominent 
in the lowest beds of all. These usually consist of sandstones and 
pebbly sandstones of the same type and character as those at the 
base of the red shale series, and were evidently formed in a similar 
manner. On some sections these rocks attain a thickness of 
four or five hundred feet and then form a conspicuous ridge, such 
as that which marks the boundary of the lower Vindhyans from 
Marai to the neighbourhood of Samaria. In the eastern outlier, 
near Tarka, the conglomerate is replaced by an angular breccia, 
which is evidently an old talus deposit, the disintegrated rock on 
and at the foot of the old hill-sides having been covered up by 
subsequently added deposits without having been washed away or 
sorted by stream action. 

Above the sandstone there comes, at the eastern end of the 
area on the map, a massive limestone which attains a thickness 
of some 300 to 400 feet about Agori. In the central and western 
parts of the area a band of limestone sometimes overlies the 
sandstone and at places there are thin strings of siliceous limestone 
in the sandstone, but as a rule the rock immediately above the 
basement beds is a fine-grained shale, often fine-grained and 
soft as is to be found anywhere in the whole thickness of the lower 
Vindhyans. 

These shales are capped, in the neighbourhood of Maori and 
D&ora, by a conspicuous band of limestone, which is cut off by a 
fault to the west and disappears by thinning out to the east. 

( *3 ) 
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Tlie thickness of the stage as a whole varies no less than that 
of the basement sandstones and conglomerates and as a rule in the 
aatne direction. That is, on those sections where the basenlent 
beds are thickest, the overlying shales and limestone are also 
at their thickest ; while on those sections where the coarse-grained 
basement beds are reduced to a few feet the overlying shales 
are also thin, and the porcellanites are brought close down to the 
boundary. 

For the porcellanite stage I have retained the name originally 

p n -. r . applied to these beds, though their true nature 

has now been fully established by Mr. Vreden- 
burg’s careful study of their petrology which forms Chapter V of this 
memoir. 

The typical rock of the stage is a hard fine-grained porcellanic 
rock, varying in colour from almost black to a pale green, compact, 
and breaking with a conchoidal fracture. It forms extremely sharp- 
edged splinters, so keen that I have seldom obtained a specimen with- 
out receiving one or more cuts from the flying chips. This feature 
combined with its evenness of grain, made it a favourite material 
with the men of the stone age in this region for the manufacture 
of stone implements, both large sized axes and choppers and small 
flakes, of which many singularly perfect specimens were found. 

Associated with these fine-grained rocks are others to which small 
fragments of quartz and felspar give a porphyritic aspect, and in 
places these fragments become so numerous that the rock assumes 
the form described by Mr. Mallet as trappoid. In the western 
area, where these rocks are most developed, hornblende is a much 
less common ingredient than in the similar rock east of the Mirzapur 
district to which Ml. Mallet's description 1 more especially applies. 

The thickness of this stage near the western boundary of the 
Rewah State cannot be less than 800 feet, but the boundaries are 
very uncertain. Rocks of very similar type are found interbedded 
among the lower Vindhyans both above and below that portion which 

• Mem., Geol. Surv. ind., Vol. VII., p. 36. 
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has been specifically separated as the porcellanite stage wring to the 
marked prevalence of the harder beds. 

• ' When well developed and well exposed the outcrop of this 
stage forms a band of low hills, covered with a forest of salat trees 
(Boswellia thurifera) and the surface in detail is also very character- 
istic, owing to the interbedding of soft shales with the hard beds, 
which are traversed by numerous joint planes running through the 
bed at right angles to the bedding, most of them not continuing 
into the beds above and below. 

The distribution of the rocks of this stage is peculiar. Near the 
western limit of the Rewah State they attain, 

Distribution. ag h as b ecn mentioned, a thickness of not less 

than 800 feet, and here the coarse-grained beds, containing an 
abundance of felspar and quartz, are largely developed. Passing 
eastwards the thickness diminishes somewhat and the porphyritic- 
looking beds gradually disappear, being seldom seen east of 8i° 30' 
Long. From here on to the Gopat the outcrop is still easily traced 
though the beds are thinning, and beyond the Gopat the thinning 
is very marked. The last good exposure near Pari shows only fine- 
grained beds associated with shales and not more than about 200 feet 
in total thickness. A small exposure is seen on the south bank 
of the Son east of Gangi, but the outcrop of the rocks of this stage 
south of Hurma is hidden by the Son. 

East of Khattai exposures of rock are few and far between ; 
some beds of a porcellanite rock are seen and the porcellanites 
are represented by some very rare angular fragments in the subrecent 
river gravels. At Gurdah the porcellanites are not seen, being 
apparently cut out by a strike fault, but a short distance to the east 
they reappear and can be traced to and bejtond the limits of the 
map. In this direction, too, they thicken out and at the same time 
the coarser^grained reappear, and east of Kon, beyond the limit 
of the map attached to this memoir, there is evidently a develop- 
ment of these beds comparable to that on the western border of 
Rewah. 


( «5 ) 
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The thinning out of the porcellanites from t maximum develop- 
ment at either extremity of the map to a disappearance in the 
stretch between Hurma and Gurdah is for two reasons less con- 
spicuous in the map than it otherwise might be. In the first 
place, the apparent thinning out of the rocks of this stage may 
be due not to an actual thinning of the beds of the same age 
as the porcellanites at either extremity of the area included in 
the map, but to a disappearance of the hard beds and a correspond- 
ing increase of the intercalated shales which cannot be separated 
from those of the under and overlying stages. Consequently when 
the hard rocks cease to be present in sufficient proportion to give 
a special character to the stage and enable it to stand out by its 
superior resistance to denudation, there is an appearance of compara- 
tively sudden extinction of the stage. In the second place, the 
wide expanse mapped as porcellanites west of Markundi is due 
to an expansion of the outcrop owing to its being exposed along the 
crest of a very open anticlinal, while the other wide expanse west 
of the Gopat is due to the fact that the portion of this area lying 
north of Lat. 24° 30' was surveyed by Mr. Datta, who has included 
and placed the upper limit of tEis stage at a higher horizon than that 
adopted by Mr. Grimes and myself in the country south of this parallel. 
Where the boundaries between the stages are so indefinite as in 
the lower Vindhyans, and where the division between one stage 
and another depends on whether a certain form of rock may be 
regarded as the characteristic or merely as adventitious, such differ- 
ences between different observers is inevitable, and will also be 
found in the mapping of the same observer in different areas. 

The complete disappearance of the stage between Hurma and 
Gurdah is largely a matter of cartographical convenience. The expo- 
sures here are too few to allow of its presence or absence being defi- 
nitely established, but it is difficult to believe that, if the porcellanites 
were present in anything like the development they attain to the east 
and west of these limits, there could be a complete absence over 
so large an area of any outcrop of a stage which, through its hardness, 
( 16 ) 
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generally rises into hills# Mr. Vredenburg has suggested that 
the absence of outcrops may be due not to a disappearance of the 
porcellapites, but to their outcrop being in the ground covered by 
the bed of the Son and therefore hidden. 

It is true that the outcrop of the rocks of the horizon occupied 
elsewhere bv the porcellanites runs under the bed of the Son at 
Hurma and again from about Silpi to Gurdah, but between these 
points there is a stretch of about 25 miles where it must run over the 
ground south of the Son, yet throughout this extent no exposures can 
be seen. When we recollect that elsewhere the rocks of this stage 
almost invariably rise into ranges of hills it is difficult to account for 
the complete absence of an outcrop of the stage as a whole without 
supposing that it has either thinned out, or that the characteristic 
hard beds have become so few and small in comparison with the 
softer interbedded shales that the stage as a whole has no longer the 
power of resistance which it elsewhere possesses. In either case 
there is a marked diminution of the amount of foreign material intro* 
duced among the purely aqueous deposits which may be considered 
as a thinning out of the volcanic ashes of the porcellanite stage. 

From the above it will be seen that the rocks of this stage have 
their maximum development near the western 
Centrei eruption. 0lcan,C an( * beyond the eastern limit of the area included 
in the map. Further the regions of maximum 
thickness are also those of the greatest development of the coarse- 
grained beds. These two facts taken together point to an approach, 
in either direction, to the centres of volcanic activity from which 
these ashes were ejected. 

It is not possible to say whether these centres lay to the south 
of the present lower Vindhyan boundary or to the northwards under 
the country now covered by the Vindhyans. The fact that the 
exposures of the porcellanite stage in the outliers seem to be less 
in thickness and on the average finer in grain than in the corre- 
sponding parts of the main area to the north is, to a certain extent, 
ah indication that the volcanic centres lay in that direction rather 
to the south. 

C 
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The name of the Kheinjua stage is derived from a range of hills 
lying south of the Kaimur scarp at and be- 
Kheinjua »t age. y Dn( j the western boundary of the Rewah State 

in the Son valley. It appears to have been first used on the field 
maps of Mr. W. L. Willson in 187a, but the first published appear- 
ance of the name was in 1895.* 

The area occupied by the rocks of the Kheinjua stage was sur- 
veyed by Mr. Datta who has written the detailed description of the 
subdivisions of this stage printed as Chapter IX of this memoir. 
The remarks on the lithology of the rocks of this stage will con- 
sequently be restricted to generalities. 

The rocks of the Kheinjua stage are principally shales and sand' 
stones. Some of the latter are purely arenaceous and sometimes 
indurated to form quartzites ; but as a rule the sandstones are impure, 
divided into thin beds, and freely ripple-marked on the bedding 
surfaces. Limestones occur occasionally, and at the western limit 
of the map there are three thick bands which thin out east of 
Ramnagar and cease to be traceable as continuous bands. 

From near Ramnagar, eastwards to the neighbourhood of Mar- 
kundi, occasional outcrops of limestone are found, and the bands may 
sometimes be traced for a few miles, but there is no development 
of limestone comparable to that west of Ramnagar. East of 
M&rkundi and Chopan limestone again becomes a conspicuous mem. 
ber of the stage, and Mr. Mallet's No. 7 attains a thickness of 200 
to 300 feet. 

The uppermost member of the stage is a set of beds of shale 
through which large rounded black calcareous concretions are scat- 
tered. On the freshly fractured surface they appear to be compact 
and homogeneous! except for traces of the original bedding travers- 
ing them at right angles to their shorter axis. When weathered 9 
however, a series of furrows radiating from the centre indicate an 
invisible septarian structure of radiating fissures, too fine and close to 
be visible or to affect the fracture of the stone, but offering planes of 
more ready solution of the material composing the nodules. These 
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furrow* are not confined to the upper rounded surface of the 
nodules, where they might be explained by a radial shedding of the 
rainwater, but are also found on fractured surfaces where th<isfe 
have been exposed to the weather for a sufficient period of time. 

The conditions of deposition of the rocks of the Kheinjua stage 
seem to involve an alternation of subaqueous 

Conditions of deposition. _ . w 4 , 

deposit in shallow water and subaerial accumii- 
laticn. The frequent ripple-markings may be due to the action of 
either wind or water in motion, but the suncracks and raindrop 
marks prove that the surface of the beds on which they are found was 
exposed to the air and not covered by water. The conditions are in 
fact those of extensive mud flats which, in the course of the period 
covered by the formation of this stage, were sometimes converted 
into shallow lakes, and sometimes exposed as mud flats on which 
tlv* material washed down from the neighbouring high ground was 
slowly accumulated. 

The limestones have all the appearance of a subaqueous deposit. It 
is difficult to see how regularly bedded limestones could be otherwise 
formed, though it is also remarkable that neither in the limestones nor 
in the associated shales has any trace of living organism been found. 

It is a noteworthy fact that these limestones, which suggest, 
though they do not necessitate, tolerably deep water conditions of 
deposition, are absent or very Mttle developed opposite the strip of 
older rocks cut off by the line of Vindhyan outliers while they are 
well developed on either side. This indicates that the region of 
structural elevation lying between the main area of the Vindhyans 
and the band of outliers, was even in lower Vindhyan times not only 
a region of special structural elevation, but also a region of greater 
surface elevation, over which the comparatively deep water condi- 
tions to east and west were replaced by shallow water or dry land, 
the name of Rohtas was first 1 proposed by Mr. Medlicott in 

Rohtas stage f° r ^ ie 6 rou P °f limestones and associated 

shales at the top of the lower Vindhyans. The 

1 Manual of the Geotogy of India, ist Ed., p. 78. 
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most typical member of it is a thin bedded flaggy limestone, which 
passes by insensible gradation into the uppermost beds of the 
Kheinjua stage. In the east a well-marked band of shales, some 
300 feet thick, is found above the principal zone of limestones and in 
places in direct contact with the Kaimur sandstone. In the west 
this shale band is not found, and the predominant rock throughout 
is limestone, with a small thickness of shales above. In the central 
portion of the area the exposures are too scanty to allow of the 
presence of a thick band of shales being affirmed or denied. 

The lithology of the rocks composing this stage is very constant, 
and has already been described by Mr. Mallet 1 and by Mr. Datta 
(see Chapter XI), and need not further be referred to here ; but 
a very remarkable set of shaly beds, occurring at the top of the 
Rohtas stage and immediately underlying the Kaimur sandstone, 
must be referred to. The greater part of these shales are argilla- 
ceous, but towards the top they become siliceous, hard, and porcel- 
lanic in appearance on the fractured surface. The most peculiar of 
these, and the uppermost, is a pale coloured or white, hard, siliceous 
rock splitting into laminae or layers of varying thickness, the planes 
of separation being coated by a thin layer of red ferruginous 
material. The rock itself breaks with a conchoidal fracture, is 
compact, and presents an appearance on the broken surface not un- 
like that of a Wedgewood mortar. 

These beds are seen at intervals from the western limit of the 
map to about Long. 82° E. From here there is a long stretch where 
the base of the Kaimur sandstone is not exposed, but near Hurma, 
where the contact once more rises above the recent deposits, the 
hard siliceous shale is not seen. In the Mirzapur district a similar 
rock is seen, but interbedded in the Kaimurs. On the Silpi Ghat 
the horizon was above the Bijaigarh shales, further east, about 
Markundi, they were found interbedded with the lower Kaimur 
sandstone. 


( 20 ) 
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From this it would seem that, though a rock similar to the hard 
pale-coloured siliceous rock of the west is to be found east of Bardi* 
it^oes n ot show the same constancy of horison and cannot be 
safely correlated with that which for a distance of some $o miles is 
found separating the Kaimur sandstones from the limestones of the 
Rohtas stage. 

The thickness of the beds attributed to this stage varies largely, 
notwithstanding the statement in Mr. Mallet’s 

Variation in thickness. • i . i , . 

memoir 1 to the contrary. It must be re- 
membered that these statements were based on a survey of the 
country east of the map accompanying this memoir and of the 
country west of Rewah, the intermediate country being practically 
unknown, and as regards these areas the statement is substantially 
correct 

The greatest thickness is attained near the western limit of 
Rewah territory. Here there cannot be less than 1,000 feet of beds 
belonging to this stage, while the actual thickness is probably over 
1,500 feet. In an easterly direction the stage maintains a consider- 
able thickness, and though there is a narrowing of the outcrop as 
mapped, no great importance can be attached to this on account of 
the impossibility of determining the exact position of its southern 
boundary. 

At Hurma, where the lower boundary can once more be seen, it 
has fallen much in thickness, but east of this the Kaimur boundary 
recedes northwards, away from the southern limit of the lower 
Vindhyans, and the Rohtas outcrop widens once more, probably in 
unison with an increase of thickness. 

Near Gurdah there is not more than 150 feet of the limestones 
actually seen, though the total thickness may be more, and near 
Markundi the thickness reaches its minimum. In the Ghagar not 
more than 50 feet of bedded limestones separate the Kaimur sand« 
stone from the shales with calcareous concretions, and this thick- 
ness only increases to not much over 100 feet about Rudauli. There 
1 Mem., Geol. Surv. Ind., Vol. VII., p. 4 7. 
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i* here some uncertainty as to the thickness of beds which should 

<r - * 

be ascribed to the Rohtas stage on account of the unusual develop* 
meat of the nodular shales, the number of the calcareous nodules, 
and the occurrence of more or less impure calcareous bands amon jj 
the shales. The bottommost beds of the Rohtas stage contain 
bands of shale with calcareous concretions, very similar to those at 
the top of the Kheinjua stage, so that it is difficult to draw the 
boundary here. Still, unless the limestones in the Gbagar at Mar- 
kundi are Rohtas and not Mr. Mallet's No. 7, it is evident that the 
thickness oi the Rohtas stage must be very much less here than 
further to the west South of the Kaimur scarp, where it resumes 
its general easterly course, the thickness of the Rohtas stage is not 
less than 700 feet and it seems to preserve this or a greater thickness 
to the east. 


These variations may be ascribed in part to original variations in 
the thickness of the deposits, in part possibly to 
removal of some of the upper beds by denuda- 
tion, prior to the deposition of the Kaimur sandstone, but are also 
explicable in part by the fact that the base of the stage is not a well- 
marked horizon, but is drawn where the deposits change from an 
argillaceous to a calcareous character. This may well have taken 
place at different times on different sections, and the base of the 
stage as mapped at one place probably represents a higher or lower 
horizon than it does at other places. 

Though doubtless a partial cause of the variations in thickness 
of the Rohtas stage, the last-mentioned explanation is not sufficient 
to account in full for the variations. These can only be satisfactorily 
dealt with in connection with the distribution of the rocks of the 


upper Vindhyans, and their consideration must consequently be 
deferred. It may, however, be noted that on the whole the thickness 
of both Kheinjua and Rohtas stages is greatest where the distance 
between the boundary of the Kaimurs and the southern boundary of 
the lower Vindhyans is greatest, and least where they approach most 
closely to each other. The one striking apparent exception to this 
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is in the small development of the limestones of the Rohtas stage 
bear Markundi, but in this case it must be remembered that the dis- 
tance is measured along, while elsewhere it is measured across, the 
strike, and the cases are consequently not strictly comparable. 

The rocks of the upper Vindhyans in the main area of their 
exposure were not specially examined during 

Upper Vindhyan series. - , - . , 

the late survey, and so far as they are con- 
cerned there is nothing to add to the statements in Mr. Mallet's 
memoir. A few outliers north of the Son present no special features 
of interest, the type of rock and the relation to the lower Vindhyans 
is the same as in the adjacent Kaimur scarp. 

South of the Son, however, there are a series of outliers which can- 
not be ascribed to any other age than upper 

Outliers south of the Son. _ . . „ t rr 

Vindhyan. Omitting small outliers there are 
three principal ones which occur along the zone of structural depres- 
sion already referred to. In each case the outlier occupies high ground 
and is usually scarped round its edge, owing to the resisting power of 
the rocks of which it is composed, as compared with the more readily 
decomposed schists on which it rests. The rock differs considerably 
from that of the Kaimur or any of the overlying series of the upper 
Vindhyans in that it frequently contains pebbles and even boulders 
of a foot in diameter, composed of quartz or jasper. In some places 
the abundance of red jasper pebbles derived from the Bijawars gives 
it an appearance very like that of the Kaimur conglomerate as 
described by Mr. Medlicott . 1 

The sandstones of the upper Vindhyans, on the other hand, are 
remarkable for the absence of pebbles. Mr. Mallet records the 
occurrence of pebbles at the base of the Kaimur sandstone near 
Badaftpulr , 1 and to the east in; Mirzapur, fragments of chert, appar- 
ently derived from the lower Vindhyans, are found in the lower sand- 
stone of the Kaimur stage. With these exceptions not a single 
pebble or fragment of largensize than can be described as coarse sand 

1 Mem., GeoU Surv>« Vnd., Vol. II., p. a8. 

* Mem., Gcol. Sury, led., Vol. VII., p. 55. 
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has been seen in the upper Vindhyans of Rewah by any of the obser- 
vers who have examined them, and this in spite of the fact that in at 
least one instance special attention has been devoted to this point. „ 
In spite, however, of this difference, and in spite of the close 
resemblance of the rocks of the outliers to those of the basal beds 
of the lower Vindhyans and of the red shale series, there is little 
room to doubt that they represent some part of the upper Vindb- 
yans. The evidence that they are newer than the lower Vindhyans 
is, in one case at least, indisputable, and the only other system 
newer than the lower Vindhyans known in this neighbourhood 
is the Gondwana. Unless then, which is highly improbable, 
they represent the remains of some system intermediate in age 
between the Vindhyan and Gondwana, they must belong to one 
or other of these two. From the Gondwanas they are distinguished 
by their greater degree of induration, and of disturbance, as well as 
by the distance they are removed from the present boundary of the 
Gondwana exposures which there is good reason to suppose represents 
very closely the original limit of their formation. They are besides 
certainly older than the upper Gondwanas of this region, for these 
have been recognized in one place (see Chapter VI) to contain 
dibrts of the rocks composing the outliers. 

There remains but the upper Vindhyan system to which the 
outliers can be referred. The degree of induration is such as would 
be expected in rocks of this age, and though the disturbance is 
somewhat greater than that of the main area of upper Vindhyans, 
they may safely be ascribed to this age, the presence of pebbles 
being ascribable to a greater proximity to the original limit of the 
area of deposition. 

Though almost certainly of upper Vindhyan age, the rocks di these 

Relation to lower V*o- outliers exhibit a marked difference in their 
dhyans m the outliers, rc lation to the lower Vindhyans from those of 

the main area. In one case, the Kharara outlier, they are found 
resting in complete unconformity on the eroded edges of the nearly 
( 24 ) 
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vertical beds of the lower Vindhyan series ; in the other outliers this 
direct evidence is not available, but the manner of their occurrence 
shows that their deposition was posterior to the greater part of the 
disturbance now shown by the lower Vindhyans, and to an extensive 
denudation of these and the older rocks. 


In contrast to this, we find along the boundary of the main 
area either direct indications of a conformity • 

and in the main area. ... ,, 

between the lower and upper Vindhyans or very 
doubtful indications of a slight unconformity. On the north side of 
the Vindhyan plateau Mr. Mallet’s description 1 leaves no possibility 
for doubting the perfect conformity of the Rohtas and Kaimur stages, 
at any rate in the Durgauti valley. In the Son valley the sections 
are less clear, but west of Long. 82 °E. the constant occurrence of a 
peculiar and easily recognizable band of siliceous shales, and the 
existence of sections showing a passage of these into the Kaimur 
sandstone "above and the shales and limestones of the Roh(as below, 
indicate a conformity between the two stages. Further east we 
have a long stretch where no sections are seen, but at Hurma the 
junction is once more seen and from here eastwards to Markundi, 
though numerous sections have been seen, there is no trace of the 
peculiar siliceous shales seen further west. It is near Markundi that, 
as already mentioned, the beds recognized as belonging to the Rohtas 
stage are at their thinnest, and this might be held to indicate 
erosion previous to the deposition of the Kaimur sandstones. 

Against this supposition must be placed the fact that the few 


Possible replacement 
of Rohtas by sandstone. 


sections which show an actual contact between 
the beds of the two stages, though they show 


an abrupt change from the argillaceous and calcareous beds of the 


Rohtas to the arenaceous deposits of the lower Kaimur, show no 
signs of erosion. It must also be remembered that it is just in this 
area where the lower Kaimur sandstone attains its maximum 


thickness and it is not an impossible supposition that this may 
represent a part of the deposits which elsewhere are classed with 


1 Mem., Geol. Surv. Ind., Vol.VlI., p, 46. 
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(be Rohtas on account of their lithological composition. The coinci* 
dcnce of a thinning out in either direction of the lower Kaimur sand- 
stone with a thickening of the Rohtas beds may be held to favour 
the supposition, and in further support of it there is the presence, 
both on the Hurma section and near Markundi, of a band of sand- 
stone in the Rohtas beds, which closely resembles that of the 
Kaimurs. 

Whether there is any truth in the suggestion hazarded in the last 
paragraph or not. it may be taken that there is 

Lower Vindhyan cUbris. 

no direct evidence of an unconformity between 
the Kaimur and Rohtas stages anywhere along the main boundary ; 
but though there may be no unconformity here there must have 
been one not far off. Along the whole of the scarp from Gurdah 
to the eastern limit of the map there are found, in the lower Kaimur 
sandstone, fragments of chert which appear to have been derived 
from the Rohtas limestones. In places, as, for instance, north of 
Susnai (Susuneyee) these are abundant enough to form a breccia; 
the fragments are always angular or only slightly rounded on the 
corners and are not found in the bottommost beds of the Kaimur, 
but some way, even to a couple of hundred feet, above it. 

If derived from lower Vindhyan rocks, and there is no other 
known source, these chert fragments indicate a considerable lapse 
of time, disturbance, and denudation. They must have been indurated 
into chert, the beds they were contained in elevated and the overly- 
ing beds removed by denudation before the deposition of the beds 
in which they are now found. 

The relation of the upper to the lower Vindhyans is consequently 
^ . . . .as follows. J Along the boundary of* the main 

Relation of lower and ° 7 

upper Vindhyans. area of the upper Vindbyans there* is either 
direct evidence of conformity between the Kaimur and Rohtas stages 
or an absence of evidence of uhconformity. 1 Where -tire upper 
Vindhyan boundary tarns southwards in the Mirzapur district ' there is 
evidence that the lower Vindhyans had been elevated and exposed 
to denudation at the titne the lower Ketmur sandstones were being 
( *6 ) 
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deposited ; but the place where these conditions prevailed was 
away from, and probably to the south of, the present Kaimur*Rohtas 
boundary. Lastly, we find that, in the outliers south of the Son, 
beds of upper Vindhyan, though not necessarily of Kaimur age, are 
in absolute unconformity to the lower Vindhyans, which had un- 
dergone almost the whole of their present disturbance and been 
exposed to great denudation before the deposition of the sandstones 
of the outliers. 

The explanation of these anomalies is to be looked for in the 

conditions of deposition of the Vindhyan system. 

An old mountain range, t ^ e secon( j edition of the Manual of the 

Geology of India 1 I showed how the 1 boundary of the Vitidhyaris 
towards the Aravalli mountains was precisely analogous to that 
of the Siwalik series and Gangetic alluvium towards the Himalayas, 
and suggested that just as the Siwaliks and Gangetic alluvium were 
formed during the elevation of the Himalayas, and of the dibrts 
washed down from those mountains, 'so the great Vindhyan system is 
contemporaneous with the original elevation of the Aravalli mountains 
and formed of the dibris washed down from them while they were 
still growing and a far more important mountain range than the relics 
which remain at the present day. 

The Aravallis were probably not the only mountain range of that 
period, and it is not too much to suppose' that another range An 
along the southern edge of the Vindhyan area’along* and s'outlf of the 
present valleys of the Narbada and Son. In this case k the 1 ' peculiar 
relation of the upper to the lower Vindhyans would 1 firid 1 in T feaiy 
explanation; they would naturally be conformable in Vhe^hrfea'bf 
deposition beyond the limits of the zone of folding and tnbbn'Ufin- 
formation, while within that zone the lower Vindhyans might'feasily 
,be compressed, elevated, denuded and then covered top by later 
deposits of the same system ; just as we find the tertiary deposits 
of the extra peninsular hills showing great unconformalft^ h&ahs^n 
one section and on another a perfectly conformable sVquehce. 


1 Page 103. 
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In the Son valley the analogy with the Himalayas is, however 9 

Absence of gieot imperfect. There are no great faults with a 
boundary faults. downthrow to the north to represent the great 

boundary fault of the Himalayas and the minor boundary faults which 
divide the tertiary zone along their southern foot. On the contrary 
the principal faults of the Son area, though none are comparable in 
size to the boundary fault of the Vindhyans w ith the rocks of the 
Aravalli mountains, have their upthrow to the north, and the dips 
of the lower Vindhyans in their outliers is also northwards against 
these faults. The conditions are therefore at first sight the reverse 
of what prevails along the southern margin of the Himalayas, and in 
a previous paper 1 pointed 1 this out as a possible difficulty in the way 
of the explanation of the relation of the upper and lower Vindhyans 
in the outliers south of the Son adopted in the preceding paragraph. 

A fuller examination of the Son valley area and a wider con- 

A boundary fault to the sideration of the general conditions of the prob- 
lem have convinced me that there is no weight 
in this objection. On the one hand, just such a boundary fault as is 
required by the analogy is found just west of the area included in 
the map, whence it can be traced for some distance into the Narbada 
valley. *To the eastwards, in the area covered by the map attached to 
this memoir, the run of this fault would carry it into the area covered 
by the rocks of the Gondwana system. In this case we might suppose 
that the main boundary fault exists, but is hidden to view, and that 
the area of transition and lower Vindhyan rocks exposed between the 
Kaimur scarp and the Gondwana boundary is part of the upraised 
floor of the old area of deposition north, i.e. % outside, of the main 
boundary fault. 

Against this supposition there might be put the degree of disturb- 

Dying out Of tht bound- ance of the lower Vindhyans, which is greater 
ary fault. than we have any reason to suppose has taken 

place among the deposits of tertiary or later age south of the outer- 
most boundary fault of the Himalayas. Besides this the occurrence 

1 Rec., Geol. Surv. lad., Vol. XXVlll., p. 1 44. 
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of transition rocks north of the presumed run of this boundary fault, 
which further west brings them into contact with upper Vindhyans 
Of the Re wah series, shows that the throw must have been largely 
reduced either by a subsequent movement of elevation of the 
northern side, or more probably by an original dying out of the 
fault. 


In the latter case, we must look for the existing analogy to the 
conditions of this area during the Vindhyan period not in the Hima- 
layas, but in the hills of Baluchistan and Sind, where the mountain- 
forming forces have acted with much less intensity, and where we 
may be regarded as having to deal with the limit of an area of prin- 
cipal mountain formation. In these hills there is no main boundary 
fault separating the disturbed rocks of the hills from the undisturbed 
deposits of the plains, and the beds which are confined to the margi- 
nal portion of the Himalayas rise up into, and are involved in the 
disturbance of the rocks composing, the mountains. Here we have 
the .rocks of the tertiary system thrown into folds, and in places 
denuded before the deposition of nearly horizontal beds of the newer 
series on the eroded edges of the upturned beds of the older series. 
The conditions are, in fact, similar to those exhibited by the Vindhyans 
of the Son valley, and we may conclude that the mountain range 
which rose south of the present valley of the Son during the Vindhyan 
period bore much the same relation to the Aravalii range of that 
period which the existing hill ranges of the Western frontier do to 
the Himalayas. 

The rocks of the Gondwana system exposed along the southern 


Gondwana system. 


margin of the area under description present no 
noteworthy peculiarities. All the principal stages 


are represented, the Talchirs only by two small outliers, and are of 


the normal types described in the Manual of the Geology of India. 
The boundary to the older rocks, however, presents peculiarities 
which deserve special notice. 


From the Son to the Banas the boundary runs in a nearly straight 

Boundary with older line an< * ‘ s w ^at would be called a faulted 
rock.. boundary by most observers. East of the Banas 
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th$ boundary takes a southward turn and, for a while, is irregular 
in fo^m, ceases to show any sign of faulting, and becomes a natural 
boundary along which the sandstones of the upper Gondwanas rest 
in unconformable contact on the crystalline rocks. After the south- 
ard trend the boundary once more becomes a faulted one, continuing 
so to ne»r the Gopat, where for a short distance it seems to become 
normal once more, but shortly after crossing the Gopat resumes 
its faulted condition, which it maintains to near the limit of the 
map. Near and beyond this the boundary once more becomes one 
of unconformable superposition. 

The detailed examination of the Gondwana boundary has been 
of interest, as it was in this area, though further to the west, that 
Mr. Medlicott arrived at the conclusion that the apparently faulted 
boundaries were in reality due to the accumulation of the Gondwanas 
against inland cliffs. This opinion led to two very divergent views 
of the original extent of the Gondwana deposits : one school regard- 
ing the present limitg as due to the removal by denudation of the 
upheaved portion of the beds, the other regarding the original extent 
of the formation as very much the same as its present distribution, 
and considering that the supposed faulted boundaries were an error 
of interpretation . 1 

Thdf differences have been completely reconciled during the 
recent survey and the true nature of the boundary been elucidated; 
this finds its most complete and explicit expression in the section 
east of the Gopat, carefully examined by Mr. Vredenburg, whose 
description will be found in Chapter VIII. 

Put briefly, it may be stated that the Gondwana beds were 

deposited against inland cliffs, but these cliffs 
Contemporaneous faults. wcre f au n that | s to sa y, they we re the 

result of an immediately preceding movement along fault planes, 
which movement resulted in a decided inequality of the surface. The 
faults tp which these cliffs owed their origin were not, however, 
wholly antecedent to the formation of the Gondwanas. Movement 
{Opk place along them during the Gondwana period, and so it results 
1 Manual, ist Ed., Vol. I., p. 103 \ 2nd Ed., p. 154* 
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that the deposits of this age are not in their original relation to 
the older rocks they were deposited upon! but have been subjected 
toa certain amount of displacement. 

• The boundaries are consequently faulted in a sense, but not in 
the ordinary sense of being determined by faults altogether posterior 
in date to tbe accumulation of the beds they cut ; they are rather 
of the nature of boundaries of original deposition ; that is to say, 
their gradual development led to the formation of the hollow in 
which the Gondwana beds were deposited. At times deposition 
more than kept pace with the formation of the fault and the deposits 
spread over it into the upthrow side to the north, as is shown by 
the few small outliers still found close to, but north of, the main 
boundary. For the most part, however, the deposits can never 
have spread beyond the fault scarps which bounded the area of 
deposition, and the present limit of distribution of the Gondwanas 
must be ver^ much the same as their original limit of formation. 

It will be seen from this that there have been two great periods 

Afresh period o't d:.- tectonic disturbance in this region. The 
turbance. first was the Vindhyan period of mountain 

formation by compression, the second is the Gondwana period of 
surface faulting, unaccompanied by compression. These two systems 
of disturbance appear to have been completely independent of each 
other. The faulting of the Gondwana period, even within the area 
of the map attached to this memoir, can be seen to obliquely truncate 
the broad area of the transitions, and further west the upper Gond- 
wana boundary crosses the whole width of the lower Vindhyan out- 
crop and rocks of that age are found in close proximity to, though 
not in actual contact with, the upper Vindhyan sandstones. 

This means that the system of disturbance by compression of 
Not of compreuion. Vindhyan epoch had completely come to an 
end and the 'mountains of the Vindhyan epoch 
had been lowered by denudation and perhaps by actual subsidence, 
when the new system of disturbance set in. This, so far from being 
olie of compression, must have been accompanied by an actual 

( 3i ) 
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extension of the surface. The crust of the earth was divided into 
plaxes , 1 separated from each other by fractures reaching deep into 
the earth and aloog which differential movements of elevation take 
place. Not only was the nature of disturbance which took place 
utterly distinct from that of the Vindhyan epoch, but the direction of 
the main line of disturbance is different and cuts obliquely right 
across the area of the mountain range of Vindhyan age. 

From this it is evident that there must be a considerable differ- 

Age of the Vindhyan ence ’ n t * me between the two different systems 
system. of disturbance, and in this manner we may get a 

hint of the age of the Vindhyan system. The Gondwana system of 
disturbance had commenced in Talchir times, that is y in the permian 
epoch. The lapse of time from the cessation of the Vindhyan com- 
pression must have been considerable, and we can, consequently, 
hardly regard the age of the newest beds of the Vindhyan system as 
of later age than devonian. How much older they may or may not 
be there is no means of deciding. 

Recent or surface deposits are largely developed in the area 
under consideration ; in fact, they are ordinary 
Recent deposits. stream deposits of sand and gravel, which in 

places have been compacted by a calcareous cement into sandstones 
and conglomerates. The actual area occupied by these recent de- 
posits at the surface is very small, even in the Son valley, where they 
are most largely developed. Enormous areas are, however, covered 
by a form of recent deposit which, so far as it has been noticed 
by previous observers at all, has been described as alluvium, but to 
which this term seems inapplicable in its proper sense. 

The deposits referred to are fine-grained and unstratified. When 
wet they pass into a slimy and impalpable mud 
when dry they indurate to the consistency of 
rock. As seen in the sides of drainage channels they show no trace 


Fine-grained loam. 


i The word plax was suggested by me (Mem., Geol. Surv. Ind., Vol. XXIX., p. 167) as 
a more satisfactory equivalent of the “ scholle ” of German geologists than the word •• block,’* 
whose use is liable to ambiguity. 
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of lamination! break off with a vertical face, and sometimes are 
penetrated by numerous small 9 sinuous, and branching tubeletSr 
When this structure is present they resemble the typical loess of 
the Rhine, but more often they form an amorphous loam* 

The laboratory of the Geological Survey is not equipped with 
apparatus for the physical analysis of soils, but 

Mechaoical composition. . , , , • « « c . , 

an approximate determination of the nature of 
this deposit was made by subjecting some samples to sieving and 
passage through an elutriata, which was found by experiment to 
remove sand grains of less than *01 mm. inch) in diameter. 

On passing the samples through this it was found that from 70 to 90 
per cent, was washed away and that the greater part consisted of 
ferruginous and calcareous concretions, and only about a 5 to 2 per 
cent, of mineral grains. Of the 70 to 90 per cent, which was removed 
by the eluhiata a large proportion settled in Stillwater if left standing 
for a couple of minutes, but a marked turbidity of the water remained 
and a notable proportion was fine-grained mud which settled, in water, 
at a rate of not more than an inch hi a minute. 

It is remarkable that even this fine-grained mud consisted in 
part of grains of carbonate of lime, and effervesced on treatment 
with mineral acid. 


It is impossible to account satisfactorily for the formation of these 

M • deposits by water. The material of which they 

Not of aqueous origin. _ , _ , . 

are composed would only settle in water that 

was absolutely still, but they present none of the characteristics of 
a fine-grained sub-aqueous deposit. Into a lake or pool mud is 
washed down at intervals by floods, the coarser grains settle first, 
followed by the finer grains which subside more slowly, thus produc- 
ing a laminated structure which is conspicuously absent in the recent 
deposits under consideration. In a river valley and as the result o£« 
alluvial deposition such fine-grained, unlaminated deposits are im- 
possible, except as very local accumulations. 

The surface contour is equally inconsistent with their aqueous 


Surface forme. 
D 


origin. Instead of forming a level plain, sloping 
down the valley, but extending horizontally on * 
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Duat dspauts. 


either side to the foot of tbe bounding hills, or with a slight slope 
downwards from the centre, they form a shallow concave trough- 
shaped surface, rising on either side towards the hills; or in the 
larger plains, such as those of the main valley of the Son, they have 
a gently undulating surface, in whose hollows rainwater accumulates. 

The difficulties in the way of an aqueous, or alluvial, origin 
of the deposits disappear if we regard them 
as dust deposits formed from the air. The com- 
position is that of the fine particles into which the surrounding rocks 
disintegrate, the fine grains which would only settle with extreme 
slowness in water would settle rapidly in air, and the absence of 
lamination would be accounted for by the action of vegetation, which 
would also serve to catch and retain the dust settling on the ground, 
and protect it from being removed by subsequent gusts of wind. 
The absence of lamination may also be partly due to the gusty 
nature of the winds and especially to the numerous small whirlwinds 
which traverse the country in every direction during the hot weather. 
These pick up the loose soil and dust on the surface of the ground, 
and after whirling it high into the air, allow it to settle tumultuously 
and without any sorting into widespread layers. They are also doubt- 
less the means by which the occasional coarser grains are carried 
out from the hills into the plains, and these deposited among the 
vastly preponderating bulk of fine-grained dust. 

The deposit is, besides, by no means confined to the valleys, but 
is found on the sides and tops of the hills, 
Dteribatioo. wherever a sheltered hollow exists, in which 

dust and sand, swept from the surrounding hills, can settle. The 
strong winds of the hot weather, sweeping over a parched and 
friable soil, strip the rocky elevations bare of soil, or of all but a 
thin layer of soil retained by a scanty growth of grass, and the roots 
of trees speading over the surface of the rock. But where there is 
a sheltered nook, or on the broad and open plains where there is no 
prominence to oppose and so increase the force of tbe wind, the 
dust blown from the surrounding hills settles and accumulates. 

In accordance with this mode of origin is the variation in the 
( 34 ) 
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character of the deposit. In the lower Vindyhan area, where lime* 
stones are abundant, the calcareous concretions are especially abjin- 
dant. In the transition area such are rarer and ferruginous concre- 
tions are as common, and In places more abundant than, calcareous, 
while in the Gondwana area, where limestone is wanting and iroO 
oxide common, the concretions are principally ferruginous. So also 
it was noticed that in and near the outcrops of the red shale series 
the fine-grained surface deposits had usually a distinctly reddish 
tinge, while away from them the colour was usually a pale grey, 
sometimes ranging to dark grey or neatly black. 
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Chapter III.— PHYSICAL GEOGRAPHY AND ITS EVOLU- 
TION. (R. D. Oldham.) 

The most striking physical feature of the area under repott is 
^ undoubtedly the great Vindhyan scarp, which 

■ » aastii, a j 80 f orm8 northern boundary. This great 

scarp, known further west as the Kaimur range, extends from Sasse- 
ram ia the east to the Narbada valley in the west, and throughout its 
length rises abruptly to heights which range from 500 to over 1,000 
feet above the low ground to the south. Throughout this length 
too it forms the waterparting, except for a few small streams that 
break through to the south and will be referred to further on, 
between the drainage which finds its way northwards to the Ganges, 
and that of the great strike valley of the Son and its westerly 
continuations on the south. 

South of the Vindhyan scarp comes the low ground of the Son 
Sou niiij aadhilteto v^ley occupied by rocks of lower Vindhyan age 
them*. and deeply covered by extensive dust deposits, 

from which rise a number of prominent ridges, formed by the 
harder beds of that Beries. South of this again comes a mass of low 
hills, forming more or less parallel discontinuous ridges and trav- 
ersed by a series of rivers running northwards across the strike of the 
rocks of the transition systems which occupy this area* To the 
south of this mass of hills comes the more open ground of the Gond- 
wana area, at first distinctly lower than that occupied by the transition 
rocks, but further south rising into high, flat-topped plateaux with 
irregular scarped faces, similar in general character to those of the 
upper Vindhyan area. 

The surface features are directly dependent on the structure 
of the different areas and on the differential action of denudation on 
the hard and soft beds of which they are composed. When the 
stratification is horizontal or nearly so, we get flat-topped plateaux 
surrounded by steep scarps ; where the beds are tilted at high angles 
we get more or less continuous straight, and sharp-crested ridges. 
( 36 ) 
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It is, however, noteworthy that these ridges are -most continuous and 
even-topped in the lower Vindhyan area when the beds are com- 
paratively less disturbed and dips seldom rise above 6o° than in the 
more highly disturbed transitions where dips of over 45° are the 
role and vertical dips are by no means uncommon. 

In part this is due to the greater disturbance of the transitions 
and to the fact that the termination of the 

tfp'°a»d Cl fer l m of^cwp" ridges is frequently due to a cutting off of the 
Tneoretical consideration. ^ ^ a fault# but to a large extent it is 

the direct result of denudation. To understand this let the case of 
a hard bed among softer strata be taken and let it be assumed 
that the hard bed is traversed by joints running at right angles to 
the bedding planes, along which it breaks off ; the hard bed may be 
assumed (L» stand at all angles up to vertical, while the softer beds 
stand ac *ag}c of only 30° ; further, we may assume that equal 
sil\(7unts of the hard bed are removed in equal times and that the 
surface contours of the soft beds protected by the hard one adjust 
themselves to the altered conditions pari passu with the removal 
of the hard bed. The conditions postulated are not.very different 
to those met with in nature, and the results obtained may be applied 
with but little modification . 



To commence with a condition of horizontality of dip) as 
represented in Fig, 1, it will be seen that the removal of a 
portion of the hard bed, H H, which will cause the surface 
contour to recede from x to a, makes no change in the height of the 
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plateau, but causes its scarp to recede by the breadth of the slice of 
the bard bed removed. 



Taking now the case of a dip of 45 0 as represented in Pig. 2, it 
will be seen that the removal of an equal amount of the hard bed 
causes the crest of the ridge to recede, but not to the same extent as 
in the case of a horizontal dip, while the crest is at the same time 
lowered. For a dip of 45° the change of height and the horizontal 
shift are equal, for other angles they will be to each other in the ratio 
of the sine to the cosine of the angle of dip. For angles less than 45° 
the horizontal shift exceeds the vertical lowering, and for angles above 
45° the reverse is the case, the amount of lowering becoming greater 
and the horizftntal shift becoming less till we reach the condition of 
vertical dip represented in Fig. 3. Here the removal of the hard bed 
has no effect whatever on the position of the ridge, but its height is 
lowered by the whole amount of the slice removed by denudation. 

/ 
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In this investigation we have considered merely the effect of 

Unequal amount of denudation on a single section. In nature this 
denudatkm. is not uniformly distributed! but has greater 

effect at certain places than at others, owing to variations in the 
vigour of the attack, caused by the concentration of drainage in 
greater or smaller stream channels, and to variations in the power 
of resistance of the rocks, caused by variations in the degree of 
induration, and more especially of the number of joints by which it 
is cut. As a result of this the amount of the hard bed removed in 


a given time will vary at different points, and the effect will be that 
where the dip is horizontal we will find great irregularity in the 
outline of the edge of the plateau, but none in its height ; where the 
dip is vertical we will find no deviations from a straight line but 
great variations in the vertical profile of the ridge, while at inter- 
mediate angles the variations of either kind will be less, one or the 
other preponderating according to whether the dip is under or over 45 0 . 
From this it will be seen that the best marked ridges, that is 
to say, those which vary comparatively least from a straight line, and 
an even crest are formed not by vertical beds but by those inclined 
at an angle of about 45° or more, and the effect is emphasised in 
nature by the fact that in these circumstances the whole of the 
denudation would not be from the end of the hard bed, but in past 
from its upper surface too, as indicated in Fig. 4. Here the removal 
of material from the dip surface throws the crest towards its original 
position and, if the total amount removed is the same, lessens the 
diminution of height. 
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From these considerations it is seen that the most continuous 
ridges should be formed by beds dipping at about 45° ; where the 
dip is low there will be flat-topped scarps, showing much irregularity 
of .outline in detail ; where the dip is high there, will be a straight 
ridge, rising into peaks and crags, but interrupted by low gaps. - 
This is exactly what is found to be the case, the scarps of low 
Ainmnmi tt'iHi tr rrrrl dipping Vindhyan and Gondwana rocks show 

***** great irregularity ot outline in detail, even 

where they exhibit a marked constancy of general course. In the 

lower Vindhyan area, where dips of from 40° to 6o° are found, 

the long, straight and continuous ridges are a marked feature, and 
in the transition area, where higher dips are the rule, we find the 
ridges very uneven in height, rising into peaks separated by deep 
saddles, which often descend nearly or quite to the level of the 
low ground between the ridges. 

As in all areas which have been exposed to subaerial denudation 
for any length of time, there are numerous indi- 

Divernoa of drainage, 

cations of changes in the course of the 
drainage, and the ridges are pierced by “ wind-gaps," marking 
places where they had once been traversed by streams which have 
nOw been directed to other courses. One such is represented on 
Plate 1, and another case may be noticed where the diversion of 
the drainage is not quite complete. 

About fifteen miles east of the junction of the Banas and Son rivers, 

Knihmihar pip an< * °* the P°‘ nt where their combined waters 

pass through the ridge of the bottom quartzites 
of the lower Vindhyan series, the map shows a small stream flowing 
through the continuation of this ridge and draining a small area near 
the village of Kushmahar. The gap through the high ridge is, 
however, not in keeping with the size of the stream which now flows 
through it ; instead of being a narrow gorge it is an open valley 
through which one of the principal tracks of the neighbourhood runs 
and at whose bottom flows a small streamlet quite incapable of 
forming so large a valley, or even of keeping open a valley through 
this ridge of hard quartzites. 
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If the map is examined it will be seen that on either side of the 

Encroachment M head waters of this stream is an expanse of 

damage -are« crystalline gneiss. On the one side is a tribu- 

tary of the Banas, on the other of the same stream which the 
Kushmahar drainage ultimately joins, to flow into the Son near 
Bhelki. Formerly the stream which flowed through, and carved out, 
the gap north of Kushmahar must have been larger than it now is. 

doe to greater power It had, however, not the same power as the 

on the we»t, combined waters of the Banas and the Son 

and the gap through which they flow was cut down faster 
than that at Kushmahar. As a result the tributary of the Banas 
which flowed from the east, had a steeper fall than that of the 
Kushmahar stream, which flowed from the west, the valley of the 
former was gradually lengthened by a cutting back of the watershed 
and the drainage area of the head waters of the Kushmahar stream 
reduced. 


Meanwhile this drainage area was being attacked on the other 

and to less resistance side » but for a different reason. On the east 
on the east. there ; s no i arge an£ j powerful stream like the 

Banas, but it will be seen that the eastern branch of the combined 
waters, that called Eonar N. on the map, flows over the easily 
decomposed crystalline gneiss and crosses the boundary of the 
lower Vindhyans in a region where the basal conglomerates, as 
mentioned in Chapter VII., are thin and incapable of forming a 
pronounced ridge. Here we have less power than in the Banas, 
but very much less resistance to be overcome than by it, or by the 
Kushmahar stream. As a consequence this eastern branch has 
been able to lower its bed faster than the Kushmahar stream, 
and by cutting back its watershed to reduce the area of its drainage 
basin. The volume of the Kushmahar stream, and consequently 
its power, has thus been reduced by encroachment on its drainage; 
it will no longer be able to lower the gap through the quartzite ridge 
at a rate that will enable it to preserve its individuality in opposition 
to the opponents which are attacking it on either side and the 
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ultimate consequence will be that the whole of this drainage area 

will be captured by one or other of the two streams on either side , 

and the gap through the ridge will remain as a dry valley or “ wind* 

' n ?> * 
gap. 

These are by no means the only instances of changes in the 
Rtt ultiag m u i nun of c °orse and distribution of the drainage which 
dnmage chuads. are be met with ; * throughout the area 

surveyed there are numerous instances of such changes either com* 
pleted or in progress and one of the consequences is that the stream* 
valleys almost without exception run about east by north and west 
by south along the strike of the softer beds, or north by west 
across the strike of the harder beds. This distribution of the 


drainage is most noticeable in the field and fairly well shown on the 
map, in spite of a somewhat inadequate delineation of the hills. 

Another result bas been a concentration of drainage in certain 
C oncent rati o n of channels. Nothing is more certain than that a 
stream, having once been established in a given 
channel, cannot leave it to find another channel if this involves its 
flowing uphill even a short distance. Hence we find that rivers some* 
times traverse a narrow gorge through a hill when there may be low 
ground on either side along which the more obvious course of the 
valley runs. But if a tributary of the same or a different stream 
cuts its valley back along this low ground till it intercepts the main 
stream, this will desert its former channel and take the easier 
course. So too if we have a series of streams crossing the strike of 
a har d bed and if, for any reason, one of them is able to deepen its 
channel faster than the others, then the tributary valleys of this 
stream, cutting back along the strike of the soft beds, will intercept 
more and more of the other streams and cause more and more of the 
drainage on the up stream side of the hard bed to be concentrated 
In one channel. 

An instance of this concentration of drainage is to be seen in the 
Samdin. Below Sejari this traverses a gap 
S ** dm ** il * f ' between a ridge of hard Bijawar quartzites on 
( 4* ) 
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the east, which had been cut off by pre-Vindhyan denudation and do 
not extend to the west of the river, and the termination of the 
'Kharara platean on the west. There is here a small gap of compara- 
tively soft rocks between two ridges of hard rocks, and through this 
the Samdin flows. 

If the course of the Samdin had been determined when the 
surface of the land stood at a higher level than now, there would be 
no reason why just this particular place should have been selected ; 
but if we suppose that there were formerly several small streams 
flowing northwards instead of one large one, and that one of these 
flowed somewhere near the soft gap, it would cut its bed down more 
quickly than the others, and at the same time its tributaries would 
break into the drainage of the other streams which had not been able 
to lower their channels so rapidly. The increase of volume conse- 
quent on this would enable it to lower its valley still faster and, 
extending back into the soft and easily eroded sandstones of the 
Gondwanas, to rapidly extend its drainage area and power. 

The Banas is a similar instance. Its passage through the main 
range of the lower Vindhyan basal conglomerate 

The Baui valley. , , , , . ' . & 

was doubtless determined by the gorge of the 
Son, but the passage through the conglomerates of the red shale 
series and lower Vindhyans near Naoria has been determined by a 
very marked flexure in the rocks, accompanied by shearing in a 
horizontal direction, which has lessened the power of resistance of the 
rocks at this point. Like the Samdin we have probably a case of 
concentration of drainage at this point, and similarly most of the chief 
streams draining to the Son are found to have their courses across the 
hard beds coincident with a reduction in their thickness or with some 
structural peculiarity which locally lessens their power ef resistance. 

A coincidence of this kind is not conceivable if the courses of the 
principal drainage channels had been determined when the surface 
of, the land formed a plain at a higher level than the tops of the 
present hills and had then cut down along their courses to the 
present level. It proves that the land has been for a long period 
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exposed to subaerial denudation during which there have been 
extensive changes of the drainage system ; and shows that the 
present river channels may be very different from those of the 
drainage system previous to the last considerable change in the 
levels of the district 


Valley of the Son. 


A possible exception may be found in the Gopat, which, flowing 
obliquely across the strike of the rocks and no* 
where showing any special reason for following 
its present course, except in detail, may be an ancient river which 
has had power enough to preserve its original course and resist 
diversion by other streams. The Son above its junction with the 
Mahanadi crosses the lower Vindhyan area without any reference 
to the lines of least resistance, and being a large river with a very 
extensive drainage area to the south, may be an ancient river which 
has not suffered diversion during the gradual lowering of the general 
surface of the country. 

At present the determining factor in all erosion which is going 
on is the great strike valley of the Son, which 
Valley °* th ® Son ' defines the base level of the tributaries flowing 
from the south j but this itself seems to be the greatest and most 
remarkable instance of diversion and concentration of drainage in 
the district. The hydrography of the Son valley, as may be seen from 
any good map of India, is peculiar. Throughout its length it receives 
no tributary of any importance from the north, but on the south it 
receives a number whose sources reach a distance, measured in a 
straig ht line, of a hundred mites from the main stream. On the 
north the watershed is parallel with and close to the river, and from 
the crest Of this watershed another series of rivers flow more or 
less northward to the Ganges. The Son drainage system is conse- 
quently a one-sided one and in this is exceptional among river 
valleys of so large a size. 

Not less remarkable than the Son valley, which intercepts and 
_ „ . carries off the drainage of so many tributaries 

The Kaimur scarp. 

from the south! is the great Kaimur scarp, 
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which bounds it in the north, running close to and parallel with the 
river from Sasseram on the east to the sources of the Mahanadi. 
Throughout this length of nearly 300 miles as also throughout its 
Continuation in the Narbada valley, it is not breached at a angle 
point by any stream flowing northwards, nor, with a few trivial 
exceptions, by any stream flowing from the north to join the Son. 
Everywhere it rises abruptly to a height of from 500 to over 1,000 feet 
above the low ground at its foot, and though the height of the crest 
varies from place to place, through undulations of the strata or the 
varying amount removed by denudation, there is nowhere any deep* 
cut gap or easy pass from the north to the south of this range. 

Such a feature is, so far as 1 know, unique in physical geography. 
Escarpments of great length are known, but they are all breached 
at intervals by streams which flow through them, usually, as in the 
classic case of the chalk escarpments of the Weald, from the scarp 
side towards the dip. These cross*valleys are almost a necessary 
consequence of the current theories of the formation of escarpments, 
which presuppose a plain or peneplain at a general elevation, greater 
than the crest of the present scarp. Across this plain rivers were 
initiated whose general course would be down the slope, that is., to 
say, usually in the direction of the dip, and as they gradually cut 
their channels down their side streams would more rapidly attack 
the soft beds, wearing them away and leaving the harder beds 
standing out as scarps. 

In the Son valley and the Vindhyan plateau to the north we have 

Northward trend of a S® 0 *™ 11 * north, that is, dip-wards course of 
drainage interrupted by the drainage ; we have also the Kaimur scarp 

the Kainiur scarp. _ “ 

due to the removal of the softer beds of the 
lower Vindhyans and the standing out of the harder upper Vindhyan 
sandstones ; but instead of any of the northward flowing streams 
continuing their course through gaps in this scarp they are one 
and all intercepted by the principal river of the district, which 
flowi along the foot of the scarp. Not only is this the case as 
regards the actual course of the drainage, but there is no, 

( 45 ) 



GEOLOGY OP THE SON VALLEY, ETC. 


4 * 

unmistakable indication of any considerable stream having flowed 
in Mils direction ; there is no deeply-cut wind-gap to show where 
a river once flowed, before it had been intercepted by the growth of 
a valley cutting backwards along the strike. 

This peculiar orography and hydrography can only be explained 
by a consideration of the geological history of this region and itself 
seems to throw light On the vicissitudes it has undergone during the 
long period it has been exposed to subaerial denudation. 

In the Vindhyan period, and at the time when the mountain 

Original course of chain still existed, the course of the drainage 
drainage. must have been northwards from the mountains 

across the plain of deposition in which the Vindhyan system was 
being deposited. By the time the deposition of the Gondwanas 
commenced, this mountain range had subsided, and as the low ground 
and the area of deposition lay to the south, we may conclude 
that the drainage was in that direction ; we cannot, consequently, 
look for any trace of the original Vindhyan drainage in that of the 
present day as it had been obliterated and replaced by a different 
system even in Gondwana times. 

After the close of the Gondwana epoch, a time corresponding to 

Long period of subaerial the close of the jurassic period, we have no 
drainage. direct geological evidence of what occurred. We 

know that neither this nor any other part of the peninsula has been 
under the sea since a much earlier period of geological history, but 
after the close of the upper Gondwana period no great changes 
seem to have taken place till the great outburst of the Deccan trap. 
It seems certain at any rate that any changes which may have 
taken place did not lead to the accumulation of deposits sufficiently 
extensive for them to have been preserved till the present day. 

What happened during this long lapse of time there is no 
ci surface direct mean8 of knowing, but there are not 
rdie!f * wanting indications that the country was 

reduced to the condition of low relief, which has come to be known 
as a peneplain. If the trigonometrically determined heights of the 
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principal peaks, as entered on the map, are examined, it will be 
seen that they all rise to about the same level. There is a gradual 
drop from west to east and the heights in the transition area are 
somewhat greater than those of the Vindhyan scarp opposite to 
them. In other words, they might well be the remnants of a gently 
undulating peneplain which has since been carved out by rivers to 
a generally lower level. Seen from one of the higher peaks of the 
transition area this impression is more strongly felt ; all the higher 
peaks are seen to rise to about the same general skyline, about 
level with that from which the view is taken, as is well shown in 
the sketch on Plate III. 

From this it seems probable that there was at one time a 
surface of low relief from which hills rose to heights of perhaps three 
or four hundred feet above the stream-beds, but by gentle slopes 
from broad open valleys. The general slope of this surface was 
about north-eastwards from the high Gondwana plateau to the south, 
and, as already suggested, the Gopat valley across the transition area 
may still mark the general course of one of the rivers of this time. 

The great Kaimur scarp must have been marked out at this time 
and not far from its present position, but would have a much less 
elevation above the general surface than now. Whether any of the 
drainage from the south passed through it northwards, or whether 
there was, as now, a river flowing along the strike of the lower 
Vindhyans, cannot be directly decided. In the long course of time 
during which this area had been exposed to subaerial denudation it 
is probable that the outcrop of the soft beds of the upper stages of 
the lower Vindhyans had already determined the position of one of 
the main drainage lines of the region ; but whether this was so or 
not the lower Vindhyan outcrop must have been marked by a tract of 
low ground lying between the higher ground formed by the harder 
rocks of the transitions to the south, and the Vindhyans to the north. 

However this may be, the last great change, which led to the 

_ f „ elaboration of the present surface features was 

Renewal of surface relief. , . 

one of elevation, which enabled the rivers to 
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cot down, and if the Son had not previously been evolved as a 
river carrying off the drainage of the country south of the main 
area of the upper Vindhyans, it then cut its way back along the 
o utcr op of the soft beds of the lower Vindhyan series and diverted 
the drainage to the eastwards. 

Against the supposition that the present course of the Son is not 
of geologically recent origin, and due to diversion of drainage, must 
be placed the absence of any considerable tributary joining it from 
the north. Had the present valley of the Son been an ancient main 
drainage channel, antecedent to the last great uplift, it is difficult to 
understand how no valley had been formed on its north side ; yet 
at the present day the tributaries from the north are few and in- 
considerable. 

The most important is probably the Ghagar, which joins the Son 
near Chopan, issuing from the upper Vindhyan 
feSon? TfceGhagw! area near Markundi, and this bears the impress 
of being a new stream which has cut its way 
back from the Son. At Markundi the Vindhyan scarp bends south- 
wards and cuts across the axis of an anticlinial ; the Kaimur sand- 
stones, too, are here divided by a band of shales, the Bijaigarh shales, 
along whose outcrop the Ghagar flows for some distance in from 
the boundary of the upper Vindhyans, in a deep-cut steep-sided 
valley showing every sign of erosion being in active progress at the 
present time. The stream breaks through the scarp of the upper 
Kaimur sandstone in a narrow steep-sided gorge, and its upper 
waters drain a fairly large area on the plateau of the Kaimur sand- 
stone. 

The lower part of this valley presents none of the features of an 
old valley ; it appears to have cut its way back along the outcrop 
of the Bijaigarh shales and then through the scarp into the plain, 
covered by recent deposits above it. The features would not be 
incompatible with the valley having been in existence prior to the 
Hri great uplift, the signs of erosion would then be due to this 
small stream not having cut its bed down at the same rate as the 
< 48 ) 



PHYSICAL GEOGRAPHY. 


more powerful Soil) but the erosion is so far behind that of the main 
valley that this supposition is unlikely* If on the other hand the 
Ghagar valley is altogether newer than, and formed by cutting back 
from, the valley of the Son, the appearance of recent and active 
erosion which it presents would be in keeping with what should be 
expected. 

The elucidation of the origin of the Ghagar valley is complicated 
by the fact that there is no present indication of a cutting back of 
its head waters on the plain above the Kaimur scarp. In the case of 
the Adb, the next largest and only slightly smaller tributary from the 
north, the evidence is complete. 

In Rewah territory it will be seen from the map that the Kaimur 
range is double, consisting of two scarps, of 

The AdH valleys. . / 

which the southern is formed by the Kaimur 

sandstone and the northern by the upper Rewah sandstone, the low 
ground between being occupied by the less resistant shales and sand- 
stones of the lower part of the Rewah series. From about Long. 82° 
E. the depression is occupied by the strike valley of the Adh river 
draining eastwards and ultimately to the Ganges. From the water- 
shed at the head of this valley another stream, also known as 
the Adh, flows westwards for about ten miles, when it is joined by 
a stream which has flowed eastwards for nearly the same distance 
through a similar valley, and the combined waters break southwards 
in a precipitous-sided gorge, through the Kaimur scarp and as the 
Narkuni (Narkooi) Nadi flows into the Son. 

At the watershed between the eastern and western Adh, there 
is a broad open valley, filled with recent deposits, whose surface 
has been a good deal eroded and rendered irregular. To the north 
is a small valley draining from the Rewah scarp which ^appears to 
have formerly drained into the eastern Adh* but to have been di- 
verted into the western. Leaving this open plain and descending the 
western Adh it is found that the valley bottom soon drops some- 
what, rapidly and the stream-bed takes on an aspect of active erosion* 
The side valleys too seem to have recently been deepened, for a 
E ( 49 ) 
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greater or less distance up from tbe main stream, and there is every 

indication that this valley is cutting backward and lengthening hself 

at* tbe expense of the eastern Adh, 

Before referring further to the Adh valley it will be well to qon- 

aider a miniature model of it which may be 
Goigtat Khiaajl .... 1 

noticed on the map ]ust north of Khamerji. 

Here a deep gorge will be noticed penetrating about a mile into 
the scarp, when it divides into two branches which separate at right 
angles to die main gorge and penetrate in opposite directions for 
about two miles to the west and one to the east of the junction. 
On examining the ground above these gorges it is seen that they 
are cut out of two open valleys whose position was determined by 
an open synclinal fold in the Kaimur sandstones and whose bottoms 
formerly lay at some 200 to 300 feet above the bottom of the present 
gorge, and which after uniting drained northwards, through a valley 
which can still be traced, to the Adh valley. 

This valley was evidently tapped by a gorge which cut back 
from the south, its position being determined by a number of joints 
and some small faults of a few inches throw, which traverse the 
Kaimur sandstone just at this place. Having once cut back to 
and tapped the drainage of the high level valley its volume and con- 
sequently power was greatly augmented, the bed of the main gorge 
was lowered and from its head branch gorges were cut back along 
the beds of the streams which had now become its tributaries. 


Once the drainage was diverted into the new course and the bed 
of this lowered in consequence of the power added to the stream 
flowing along it, any return to the old course became impossible. 

At the present day there is & short gorge cut back along the old 
course of the main stream, and in a direct line 

Diversion of drainage. 

with the gorge through the Kaimur scarp. As- 
cending from this by the steep slope at its head one enters a broad 
open valley along the bottom of which an old stream-bed can be 
traced, though now only occupied after rain by a much smaller 
stream than that which formed it. Descending this, it is found to flow 
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over a gentle slope and through an open valley, showing no signs of 
erosion, as the present stream is quite unable to move the boulders 
left by its predecessor. After passing for some distance along this j 
mailced signs of erosion commence, the stream-bed is deeply cut f 
ha s a much steeper gradient, and is blocked by large angular blocks 
of stone ; there are, in fact, all the signs of active erosion and of a 
recession of levels along the stream-bed. Further down the gradi- 
ent decreases and a boulder-strewn stream-bed reaches down to the 
Adh. Here we have the stream cutting its bed backwards from the 
recently lowered bed of the Adh which it joins, the change of level 
at the junction having been too recent to allow of the recession of 
levels having reached the watershed and so established a uniform 
slope throughout the length of the stream-beds. 

Returning to the western Adh we may suppose that the east- 
Origin of the Narkuni ern Adh was once a part of a valley and 
goree ’ whose head waters lay twenty miles or more 

to the west. Then, near where the village of Tikat now stands, a 
ravine cut its way back through the Kaimur scarp and tapped the 
upper waters of this stream. As a consequence of the increased 
power so obtained it rapidly deepened its bed, and from the lower 
level so established a tributary ravine began to cut back eastwards 
till at the present day it has attained a length of twelve miles, and, 
as we have seen, seems still cutting its way backwards at the 
expense of the eastern Adh. 

The very few other tributaries of the Son which penetrate the 
other valleys due to cut- Kaimur scarp are all quite insignificant in size, 
ting back. and all have been most unmistakably formed 

by cutting back from the low level of the Son valley. This being 
so, it is natural to suppose that the valley of the Ghagar, whose 
aspect is quite compatible with a similar origin, was also formed in 
this way. 

. We now come to the consideration of the antiquity of the east- 
Antiquity of the Sou to-west portion of the Son valley, and of its 

v * ,ejr * continuation above the bend in the Mahanadi 

E 2 ( 5« ) 



s* 


GEOLOGY OP THE SON VALLEY, ETC. 


Valley, that is to say, to the determination of whether this course 
was determined prior to or consequent on the last great uplift. 
This resolves itself into the possibility of determining whether there 
is any trace of drainage channels having crossed the Kaimur range 
from south to north. 


Of this there is certainly no satisfactory evidence. The height of 
No np through the the crest of the scarp varies greatly and there 

Kumar Karp. are comparatively low gaps which have been 

selected as passes across the range, but they are all broad and open 
where they cross the crest, and there is no narrow notch such as 
would be cut by a river during a period of erosion. It must be re* 
membered that if the drainage had been mainly northwards previous 
to the last great upheaval, and the Son had gradually cut its valley 
backwards diverting more and more of the drainage from the south, the 
cross valleys to the east might have bad very little time to lower 
their beds in the upper Vindhyan area before they were diverted. 
Those further west, however, would have had more time, and one 
would expect to find at least a somewhat deep-cut valley mark- 
ing the point where what is now the upper Son — above its junction 
with the Mahanadi— crossed the Kaimur outcrop to the low ground 
further north. No such low gap can be found, and, though there 
has been a certain amount of concentration of drainage since the 
Son last began to lower its valley, and the streams of a former period 
may have been more numerous and smaller than at present, it is 
difficult to account for the absence of such gaps, if the Son valley is 
of recent origin. 

It will be seen from the foregoing that we have on the one hand 
' the absence of tributaries from the north pointing to a recent 
origin of the present valley of the Son, and on the other the absence 
of wind-gaps in the Kaimur scarp pointing to its antiquity. Had 
we nothing else to depend on it would be difficult to choose between 
the two, but there is fortunately one peculiar feature in the course 
of the Son which affords what appears to be decisive evidence. 
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For the most part the course of the Son lies in the comparatively 
Southward bead a! the unresisting rocks of the Kheinjua stage, oc- 
casionally wandering into the Rohtas area. 
Near Marai, however, it passes south of the termination of a scarp 
of Kheinjua sandstone and of an exposure of the porcellanites to 
flow for awhile in the soft shales of the basal stage, then turns 
abruptly through a narrow gap in the high ridge formed by the basal 
quartzites of the lower Vindhyans at a spot called Devalond, and 
after a course of about 25 miles over the crystalline gneiss once 
more breaks back through the continuation of the ridge of basal 
quartzites just below its junction with the Banas. 

At the lower gap there is a certain amount of disturbance of the 

Gaps in the basal quart*- quartzites which might account for the selec- 
ite r.d*e. tion potion for the gap, but at Deva- 

lond nothing of the sort can be seen. The quartzite ridge on one 
side is a continuation of that on the other and between them the 
Son flows in a deep and narrow gap. This is not to be explained 
by any diversion of drainage, and the only possible explanation of the 
bend of the Son to the south and its double passage through one of the 
most prominent ridges of the district, is that this course was deter* 
mined at a time when the ridge did not exist, and that having once 
been determined, the Son was constrained to cut its way down and 
form the two gaps in the ridge, which itself grew in height by the more 
rapid removal of the rock on either side. In other words, the course 
of the Son was fixed at a time when the form of the surface was 
determined by different conditions to those it is now dependent 
on, and has been superimposed on the present surface features. 

The only period to which we can refer this original determina* 

Son valley marked Oat U ° n ° f th<! P rCSent COUrte of the Son In this 
Sp!fft > “' ‘° reat southefD b end, is that period of reduction of 
the surface to a peneplain which has been 
referred to. At that tine the relief of the land must have been 
much lesfe than at present and the Son must have flowed in a shallow 
open valley, probably largely covered .by alluvial deposits, and the 
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present ridge of the basal quartzites was either completely covered 
or only represented by a few knolls of rock. In this valley the 
river would be at liberty to wander from side to side, and at the 
period of the last great movement of elevation it flowed in a bend 
which crossed the outcrop of the basal quartzites in a loop not 
unlike its present course. 

Once the movement of elevation commenced and the rivers began 
to cut down their channels, the course of the Son was fixed, and it 
was, where it crossed the harder rock, constrained to preserve its 
position and form two gorges through the range of basal quartzites 
which gradually grew in height as the ground on either side was 
lowered at a greater rate than the crest of the ridge. In this course 
the Son must remain till one of its tributaries, the Sohera for instance, 
cutting back along the softer rocks of the Kheinjua stage, inter* 
cepts the Son above Ghusa and diverts it from its present course. 

Under existing conditions there seems no prospect of this, but if 
there were a fresh period of elevations which 
of the Son from its south- would set the streams at work on active erosion 
ward bend. Q f their beds, there can be no doubt that the 

two barriers of hard quartzites would oppose a resistance to the 
erosive action of the Son which would prevent its lowering its chan - 
nel in the Kheinjua beds above Marai at the same rate as it would 
be lowered below the junction of the Banas. This difference of 
level would affect all the tributaries and those which joined the Son 
below would have their gradients, and consequent power of erosion 
increased. The Sohera would cut back its watershed and divert the 
waters of the Nagour above Deora into its channel, after which a 
■ tributary of this river would cut back along the strike of the shales 
south-westwards of Deora till the watershed was cut back to the Son, 
and the waters of that river diverted into a new and easier course. 

As already indicated there are no signs of the probability of 

Pments period of com- sucl1 diver sion taking place under present con- 
parotive repoie. ditions. The present appears to be a period of 

comparative repose, the streams have nearly attained a condition 
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»t equilibrium, and the only change which seems to be taking place 
is a slow -degradation of the hills ; changes of the drainage system, 
by encroachment of one drainage area on another, are local and 
not likely to affect the general course. In the immediate past, 
however, there seems to have been a period when all the streams 
were engaged in active erosion of their beds and in consequence 
shifting of the watersheds and diversions of drainage common. To 
the repetition of processes similar to that which has been prophesied 
above, in the event of a period of rapid erosion setting in once 
more, we must probably ascribe the manner in which the Son now 
flows along the soft rocks of the Kheinjua stage. It is improbable 
that there was only one place where the Son bent southwards from 
the outcrop of these beds, and it is more probable that lower down 
its course these bends have been cut off by the more rapid lowering 
of the soft ground and diversion of drainage. By the time the re- 
adjustment of levels had extended as far up stream as the head of 
the east-and-west Son, the difference of level between the bed above 
and below its southern bend had become too small to allow of the 
diversion of this bend to be completed, and it will remain till a fresh 
period of elevation and erosion sets in. 

From the foregoing we see that the general east-to-west course 
_ „ . , . . of the Son must have been determined at the 

Son valley determined 

nafgreat«p , iiit r * viou * to time w ^ en ^e general surface of the ground 
was reduced to a condition of low relief, and 
before the last great movement of elevation. It cannot, consequently, 
be ascribed to diversion of drainage during this period, and we see 
that the general course of the main stream of the Son, though it 
must be due to the greater softness of the lower Vindhyan shales, 
and to diversion and concentration of drainage by cutting back of 
the watersheds along this soft band, was determined some time ia 
the long ages during which this region has been exposed to subaerial 
denudation prior to the last period of upheaval and active erosion. 

We are also able to form some estimate of the amount of the 
Amount^of u«t great elevation which has taken place during this last 

period, and of the height of the Kaimur scarp 
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it its commencement. The general level of the bottom of the Son 
valley must have been at least as high as the present crest of the 
basal quartzite ridge, which could not have existed as such when the 
present course of the Son was determined. The highest crest of this 
ridge now stands at 1,615 feet above the sea, or rather over 600 feet 
above the bed of the Son ; as this peak itself must have been low- 
ered by denudation from the height due to it from the elevation alone, 
we may take it that the general lowering of the Son valley, which 
cannot be widely different from the amount of elevation which ha 9 
taken place, must have been about 600 feet. 

As regards the height of the Kaimur scarp, this now is about 
2,000 feet above the sea, the highest peak on the main scarp, oppo- 
site the southerly bend of the Son being 2,310 feet, and on the Gidela 
outlier 2,354 feet. The Kaimur range being broader and more pla- 
teau-like than the narrow crest of the basal quartzite ridge has prob- 
ably been lowered in a less degree by denudation, and the present 
difference in elevation— 739 feet— is more than the difference at the 
commencement of the last period of uplift. From this we see that 
the Kaimur scarp must then have been in existence, but the highest 
points probably did not rise more than 500 feet above the level of 
the Son valley, while the depressions must have descended nearly 
to its level. Instead of a continuous barrier there must have been 
.consequently a series of low hills with broad, open, easily traversed 
gaps between them. 

It has been stated that the present is a period of repose 
Recent erosion in stream «md of little or no change in the drainage 
channels. channels. On the whole this is true and 

the broad plains in the Son valley show that it must have been 
absolutely true for a long period. The very last change in the levels 
of the region seems, however, to have been one of elevation. In 
the Mirzapur district the Son is bordered by a tract of lowland, 
a river terrace, cut down to a level of about 30 feet below the general 
level of the plain of recent deposits. Up stream the depression 
of this terrace and Its width diminish, till in Rewah territory it dis- 
appears. In this terrace the actual bed of the Son is depressed and 
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the depression continues right through Rewah territory and up all 
the tributaries. Everywhere in fact the plains of recent deposits 
are cut by deeply sunk drainage channels, and everywhere these are 
seen to be cutting back into the recent deposits, which evidently 
formed during a period when the action of the streams was different 
to what it now is. 

This universal evidence of erosion points to a last [slight move- 
Possibly due to human ment of elevation, but need not necessarily be 
agency. attributed to that cause, It is doubtless closely 

related to the change, whether of elevation or climate, which has 
led the Ganges and its tributaries to cut down into their deposits 
and form the khudis land of the plains, and in the area now being 
dealt with it is at least as likely that the change is due to the ex- 
tensive clearing of forests which has taken place since the advent 
of man as to a general movement of elevation, 
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Chapter IV.— THE ROCKS OF BiJAWAR TYPE. 

PETROGRAPH1CAL NOTES. 

(E. Vrbdenburg.) 

Section I.— Introduction. 

The notes which form the following chapter were not intended 
for publication in the shape in which they appear here. They are 
merely extracts from my progress report of 1896-97. During that 
camping season, I crossed several times the outcrop of the Bijawars, 
and I had occasion to see them also when tracing the boundaries of 
some of the newer systems with which they come into contact. The 
materials, both petrological and stratigraphical, are insufficient to 
justify any critical examination, and the study which I made of them 
was solely intended as a foundation for systematic work ; but since 
then I have had no further opportunity of visiting any more rocks of 
that system. The following notes cannot therefore contain much 
that is of general interest, but it is hoped that even in this unfinished 
form they may be of use to future observers. 

In travelling across the country represented on map 476, from 
south to north, it appeared to me that the structure is that of a 
syncline, for the same rocks occur in the neighbourhood of the 
northern and of the southern boundaries, while the central portion is 
occupied by slates of a different type. 

The rocks are generally much more schistose towards the 
southern than towards the northern boundary. 

The bottom bed, sometimes visible along the southern boundary! 
na ^ i is a very schistose quartzite occasionally ren- 

dered conglomeratic by pebbles of vein-quarts. 
Resting upon it are slates, interbedded with limestones, chlorite- 
schists, and lavas ; the lavas are absent from the portion of the 
southern outcrop of this stage examined in map 476, but this may be 
a local peculiarity due to the irregular distribution of these rocks. 
These slates are overlaid by runs of jasper often ferruginous and 
( 58 ) 
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frequently interbedded with slates of various colours, limestones and 
thick' beds of lava. 

This lower stage was termed by Mr. Medlicott the 11 Agori 
division," but he regarded it as an upper horizon. Its repetition 
along the northern and southern boundaries with essentially the 
same characters make it more probable, however, that the slates 
situated between these two runs belong to a higher stage, the struc. 
ture being mainly that of a syncline j these slates are usually inter- 
bedded with a large proportion of fine-grained imp ure sandstones 
and never contain any jasper or lava. 

In the most western part of the district which I visited, the 
Bijawar outcrop becomes much narrower, and it may be fairly assumed 
that only the lower part of the system is represented there. The fact 
that the entire width of the western outcrop consists of rocks typical 
of the " Agori stage,” lends some support to the above conclusion. 
But it must be admitted also that a similar distribution might result 
from the “ Agori stage ” resting unconformably upon a still older 
system, a view which was suggested, in fact, by Mr. Medlicott, and 
has been adopted in the Manual of the Geology of India. 

It would require a detailed survey of a large portion of the 
outcrop in order to obtain any degree of certainty as to its conform- 
ation : the structure above suggested is therefore only conjectural. 
A number of specimens, however, were collected, and these form the 
subject of the following notes. 


Section II.— Sedimentary rocks. 


a.— Sandstones and quartzites. 

The quartzite forming the bottom rock along the southern 
boundary, south of Chingo, specimen is a remarkable example of 
a veritable quartz-schist in which the schistosity is almost entirely due 


Quarti-fchiat. 


to the quartz itself, for the rock contains very 
little else than this mineral Id the hand* 


specimen it is pure-white in cotbur, and it is very frsfeilfe along the 
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planes of cleavage. Under the microscope it is seen that only the 
centres of the quartc-grains subsist ; these are greatly elongated in 
the direction of the cleavage and show considerable strain-shadows. 
The outer portion of the grains is broken into a fine quartz-mosaic 
that cements the fragments together. Some flakes of white mica are 
visible, also lying in the direction of cleavage, but in such a granu- 
lated rock it is impossible to say whether it is an original constituent, 
or whether it may not be a secondary transformation of felspathic 
materials which may have been originally contained in the rock. 

The quartzites obtained from the northern outcrop of the Agori 
band form a great contrast with the rock just 

Agon quartzites. described on account of their much less meta- 
morphosed character. The coarsest grained is specimen ^ which 
was collected north of the most northern range of Agori quartzites 
on the road from Khattai to Maoghun, unfortunately not in situ. 
But by comparing it with other specimens which have been found 
interbedded with the slates, its mineral characters are found to agree 
completely with them, so that there seems little doubt that it belongs 
to that same age. In the hand-specimen it is a very hard compact 
rock containing felspar in such large proportion that it might 
almost be called an arkose. The felspar gives it a pink colour 
in the hand-specimen. Under the microscope both the quartz and 
felspar are seen to form well-rounded grains. The quartz shows 
strain-shadows much more pronounced than is generally the case 
with the Vindhyan sandstones and exhibits even a tendency to 
pass into a mosaic ; but it is never granulated as in the rock from 
the southern boundary. It is true that the rock does contain 
some portions of quartz-mosaic ; only these were originally in this 
condition in the sand-grains which they constitute and which were 
probably derived from some granulitic or gneissose rock. The 
felspar is all microcline. There is a little magnetite and some 
ferruginous cement between the grains. 

The next rock, specimen , occurs in the Piperwani river, in 
this same neighbourhood, just north of the most northern range 
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of Agori jasper ; it therefore immediately underlies the stage to 
which this jasper belongs. It is very much finer-grained than Jfai 
but otherwise resembles it in every way except for the much smaller* 
proportion of felspar. The felspar, moreover, differs from that of 
the preceding rock in so far that it is all plagioclastic. ; 

If now we leave the rocks of the Agori stage and turn our atten- 
tion to the upper division, we shall find that 

Other sandstones. ,, . . . , - 

they contain a great many more or less sandy 
rocks whose appearance differs greatly from that of the types we 
have just described. The two rocks described from the northern 
outcrop of the Agori band present all the characters of a quartzite 
rendered very compact by the secondary growth of quartz. In the 
higher series the sandstones remain much more friable because the 
quartz-grains have not become cemented together by this secondary 
extension, but are more or less separated from one another by 
micaceous and earthy materials. 

The specimen ^ may be taken as a typical example of these 
rocks. It was collected north of Baghaia or Bagra at a point where 
the road crosses a small tributary of the Barwar river. The rock has 
a dull grey colour in the hand-specimen and both quartz and 
mica may be detected by the unaided eye. When examined under 
the microscope it shows evidence of strain to a much greater 
extent than the two sandstones described from the northern band 
of the Agori stage. The quartz-grains though much smaller show 
irregular extinction in a much greater degree ; they exhibit a 
distinct elongation in the direction of schistosity and even show a 
tendency to break off round the edges. It is probable that a great 
deal of the finer-grained mosaic constituting the rock is therefore 
of secondary origin. The quartzite though probably of later date 
than the above described specimens from the Agori Qtage is yet much 
more metamorphosed ; but this is in accordance with its situation 
farther sqpth, for the amount of disturbance in these rocks gradually 
increases as we travel away from the northern boundary, the most 
altered rocks being found at the extreme southern limit. 
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In addition to quartz the sandstone tVt contains felspar and 
a great deal of muscovite giving it a distinct scbistosity. The mica 
plates are seen bending round the quartz -grains which shows that 
they are not of secondary origin. The rock is further remarkable for 

containing a great many grains of tour* 
Fraffmeats of tourmaline. ma ]j ne _ All its constituents are such as 

might be derived from a gneiss quite similar to that which is found 
in many neighbouring regions, and we may conclude that the 
rock from which the Bijawar beds were derived 
was no other than the gneiss exposed at the 


Ageof gMta 


present day. 

We find all gradations from these impure sandstones down to 
the finest slates. Some of those that have been more particularly 
studied present many points resembling the specimen They 

are principally from the hilly region where the Agori jaspers and 
lavas are profusely exposed. But as it has not been possible 
to unravel the distribution of the folds, it is not possible to tell 
whether the places where the rocks were collected are portions of 
syndines or anticlines, and we cannot tell whether they belong to 
the beds immediately overlying or underlying the principal jasper 
horizon or to those associated with that horizon. 

The specimen 7^ was collected a short way north-east of 
Deori. The slates accompanying it have the 
same facies as those associated with the 
specimen yVr from Bagra and probably belong also to the upper 
stage. The sandstone ^ is very similar to yV? in the hand- 
specimen, only with a more earthy appearance. The same also 
holds good for the microscopical section which is very similar : 
the quartz-grains are about the same size and show the same strain- 
shadows, but they are separated by a greater proportion of fine- 
grained material much of which appears to be decomposed mica. 
There is magnetite together with rusty ferruginous products 
which may be products of superficial weathering. The rock also 
contains a great deal of felspar which is somewhat altered. 
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The specimen is a very fine quartzite collected from a 
point west of Chatni and north of one of 
D; ‘ the most important outcrops of lava. In' the 

handfspecimen it is a compact pale-grey rock of fresh ap- 
pearance but with distinct cleavage. Under the microscope it 
appears composed of very small sand-grains with much interven- 
ing micaceous mineral. The sand-grains are mostly quartz exhibit- 
ing strain-shadows to a marked extent. Scattered through them 
are a few grains of felspar. The micaceous minerals are white 
mica, very much altered, and some secondary chlorite. 

This fine sandstone grades imperceptibly into slates such as 
specimen 7^. In the hand -specimen it is a com- 
Finer grained rocks. p act light-grey slate with very regular cleavage. 

Under the microscope it is seen to consist essentially of the same 
minerals as quartz and mica, only it is extremely fine-grained and 
the proportion of mica is much greater. The quartz-grains have their 
longer dimension lying in the direction of the cleavage. Whenever 
the principal section of one of the crossed Nicols is parallel 
to the cleavage, the section extinguishes entirely with the excep- 
tion of the quartz-grains, thus showing the perfect parallelism of 
all the micaceous constituents which give the rock its regular 
cleavage. The micaceous mineral consists largely of white mica* 
muscovite or sericite polarising in brilliant colours. There is in 
addition a fair proportion of chlorite. 

The rock tVt is so fine-grained that it should be classed as a 

Quartz slate slate, the component grains being quite invis- 

ible without the aid of a lens. But as the 
microscope shows it to consist almost entirely of derived fragments 
of quartz, it is properly grouped with the foregoing sandstones. It 
is in fact a sandstone on a microscopic scale ; the quartz parti- 
cles have none of the appearance of secondary crystallisation 
as is the case with the jaspers. The specimens were collected 
Chakari in the river that flows through Chakari a short 

way west of the Vindhyan boundary. The 
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beds dip 15° W. of S. at 85° and are very much contorted as 
may be seen even in the hand-specimen. The rock has a light 
silvery blue colour with bright ferruginous ruddy stains in irregular 
-bands. Under the microscope the rock is seen to consist of exceed- 
ingly minute sand particles consisting mainly of quartz with a few 
equally small grains of tourmaline. There are many minute flakes 
of brightly polarising white or pale-green mica. The section also 
shows white opaque patches which probably consist of clay or 
kaolin. 


b.— 'Slates. 

By the addition of a gradually increasing proportion of micaceous 
minerals to these fine-grained sandstones, we obtain the rocks 
that constitute the greatest part of the Bijawar slates to which 
class belongs the specimen which has just been mentioned. 

Slates of a deep purple colour are very frequent 

* Purple slates; re- . „ . . . _ . , 

semblance to the Red especially in the horizon where jasper bands and 
lava-flows are most numerous. These purple 
slates completely resemble the red shales. The only difference that 
can be made out is a slight difference in colour. The red shales are 
of a more decided purple colour, while the similar Bijawar 

« &les are somewhat tinted with a shade of steel blue." The difference 
a slight one, but it is quite distinct when specimens of the two 
rocks are brought close together. It is not possible to make out the 
exact nature of the pigment as it is extremely fine-grained and quite 
opaque. It is no doubt of a ferruginous nature and this causes the 
high specific gravity of these rocks. The microscopic sections are 
rendered opaque to a great extent by this ferruginous material, which 
lies between the other minerals spread ^tpng the direction of 
cleavage. Besides this ferruginous material, £j»ere are small grains of 
quartz and flakes of mica, the latter mineral, being the more abundant 
of the two. It occurs in greatly crumpled bundles polarising in 
high colours. 
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There are some highly calcareous slates which are common 
_ • amongst the volcanic strata to be mentioned 

Calcareous Slates. , f 

hereafter. 

The Agori stage of the Bijawars often contains bands of 
siliceous rock in which the particles of quarts are 

Resemblance to Porcel- „ _ . 

Unite beds of Lower as fine as or even finer than in the finest-grained 

'* rocks hitherto mentioned, but owing to the 

absence or smaller proportion of associated mica, the rocks do not 
exhibit any distinct cleavage. They bear a remarkable outward re- 
semblance to the Vindhyan porcellanites. It will be mentioned when 
discussing this latter formation that rocks of different origin could in 
the course of recrystal lisation assume a very similar appearance. 
Thus a fine silt consisting mainly of finely divided quartz, a siliceous 
ooze originally consisting of particles of colloid silica, a band of chert, 
or an acid volcanic ash might finally become very similar in outward 
appearance if devitrification and recrystallization have been acting 
long enough. In the case of these Bijawar porcellanites their 
complete gradation into the fine slates indicates that they are 
merely a variety of these rocks resulting from a slightly different 
mineralogical composition. The minute quartz particles being 
more abundant, while the micaceous minerals are fewer or want* 


ing, so that the rock does not possess any distinct schistosity. Ttaj 
conclusion drawn from the mode of occurrence of the rocks is confirm^ 
by their microscopical examination. The rock is much finer-grained 
than any of the Vindhyan porcellanite slides which I have examined 
(with the exception of slide 1890, specimen ^collected in the 
Samdin river) ; it always contains a fair quantity of minute mica- 
ceous Rakes which have every appearance of being of derived 
character ; it never shows any of the tuffaceous characters exhibited 
by the Vindhyan specimens. 


The peculiar rhombohedra! jointing of the Vindhyan porcellanites* 
is very .imperfectly developed or entirely wanting in these Bijawar 
varieties. In place of it we find the rock irregularly cracked and 
•faulted in such a manner as to render it almost impossible to obtain 
specimens. In adflitiop to this, the rock may have a tendency to 
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de«ve. The lustre in a hand-specimen is dull and stony. The rock 
never shows the glossy fracture and semi-transparency so frequent 
hi the Vindhyan varieties. Yet none of these differences are very 
conspicuous, the resemblance, especially in the field, being sufficiently 
pronounced to be very confusing. An instance of a very misleading 
exposure has been mentioned in the stratigraphical portion of this 
Memoir, with respect to the beds seen at the bend of the Son, opposite 
Gurd&h. 

Should any doubt exist as to the correctness of attributing 
these rocks to the Bijawars, it could not be better dispelled than 
by examining specimen Here we have a stratum which is not 
more than one centimetre in thickness, interbedded with purple shales 
of the most typical Bijawar type. It was collected amongst the hills 
immediately north of Jungel amongst the purple slates described 
above* The narrow siliceous band is of a dark grey colour differing 
in that respect from the bluish rocks of Gurdah. But in all other 
physical characters it is quite similar, and the similarity subsists 
under the microscope. 


c.—jaspersx 


In some of these porcellanoid slates, much of {he groundmass 
has the appearance of devitrified colloid silica. If we imagine now a 
siliceous rock without any of the quartz-grains or mica flakes of the 
porcellanic slates, but offering nothing but a uniform extremely 
fine mosaic of quartz or chalcedony, we shall obtain the jaspers that 
form such a characteristic feature of the Agori stage and which form 
conspicuous beds in many of the " Transition" systems of India, 
such as the Bijawars of Bundelkhand, the Gwalior, or the Dharwar 
series. They have frequently been noticed as pebbles in Vindhyan 
conglomerates that have been derived from those older systems, the 
bright-red colour which they often assume making them specially con- 
spicuous. 

The rock is usually of a translucent bluish-grey shade which is 


Hematitic rock*. 


lighter or darker according to different speci* 
mens ; the structure appears entirely homogene* 


( 66 ) 



PETR0QRAPH1CAL NOTES. 


67 


ous to the unaided eye. It is frequently and characteristically 
striped with* bands of varying width of a bright-red colour caused 
byjninute particles of hematite. Examined with a high power of 
the mittroscope, these hematite particles are seen to be scattered 
through a very minute and regular mosaic of quartz or chalcedony. 
They appear by transmitted light of a deep blood-red colour and 
exhibit perfect crystalline outlines. Larger grains of quartz are 
visible only as secondary infillings of cracks. Sometimes the propor- 
tion of hematite becomes so great that the ferruginous bands consist 
almost entirely of this mineral. They lose then their red colour and 
appear black or metallic and the rock becomes an iron ore. 

A remarkable microscopic structure is exhibited by one of these 
rocks (spec. tV?). It was collected on the 
CMr wap8 a organ U ic! per ’ banks of the Son at Agori Khas, the jasper being 
intercalated with limestone. The hematite 
particles are disposed throughout the chalcedonic groundmass in the 
shape of minute hollow spheres or ellipsoids. These are not of the 
nature of spherulites, for the hematite grains that constitute them are 
not in contact with one another and are exceedingly small compared 
with the dimensions of these hollow spheres. In those parts of the 
slide where the structure is best exhibited, there are two concentric 
envelopes of hematite dust, and between them is a transparent ring 
showing the presence of a hollow sphere of silica. These little 
bodies are distributed all over the slide quite irrespective of the pro- 
portion of hematite dust. In those portions of the slide where the 
proportion of hematite is small they become less clearly delineated y 
while they disappear naturally when this mineral becomes so abund- 
ant aa to render the section opaque. It is where the hematite is 
abundant, without however interfering with the transparency of the 
slide, that the structure is best visible and the two concentric 
envelopes most clearly exhibited. It is possible that the structure may 
have been originally organic. 

Other rocks which also present a jaspidious and banded appear* 

Rocks near "Befewa ance * n ^e hand-specimen contain magnetite 
instead of hematite. Such is specimen 

67 


P % 



66 


geology op the son valley, etc. 


collected from an important stratum occurring W.-N.-W. of Belawa 
peak. Its colour is a pale shade of grey or greenish grey ; the 
magnetite is scattered in little octahedra which give a peculiar 
sparkling lustre to the hand*specimen. Under the microscope 
the shapes of the magnetite crystals appear very perfect so tha* 
the Crystals must be of secondary origin. The specific gravity 
is 2 * 88 . The true nature of the rock is difficult to decide : it is not 
a lava, yet it always occurs in conjunction with volcanic rocks. 
The following succession of strata, proceeding from north to south, 
occurs in the neighbourhood of Belawa peak where the specimen 
was collected 

A. Ordinary grey-coloured slates of the Bij awars. 

B. Fine-grained diabase ( 7 Vt)* 

C. Jaspidious rock with magnetite ( T p T ). 

D. Talc schist with crystals of pyrites (tV*)* 

E. Chlorite schists containing bands of diabase (7V?) an <* 

lenticular or elongated masses of limestone. 

F. Limestone. 

G. Chlorite schists, highly calcareous, and interbedded with 

diabases and melaphyres. 

H. Slates similar to A. 

The width of this outcrop is over 1,000 feet. From Belawa peak 
eastwards it may be followed as far as Naogai without any great alter* 
ation, and from this again up to Girwi, where however its thickness 
has diminished. Neither the most western nor the most eastern points 
observed represent the termination of the band. In the above series 
all the rocks included between the slates A and H are undoubtedly 
volcanic, with the exception of the variable limestone F, and this 
peculiar jasper C. Yet this jasper is so intimately associated with 
the volcanic rocks that there probably does exist some (Connection 
between them. The chloritic limestones are of the nature of volcanic 
tuffs. These peculiar jaspers may have been of somewhat the same 
.nature as the typical Agori jaspers, but mixed with a certain amount 
pf volcanic dust or other volcanic material. 
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d. — L i me stones* 

It seems doubtful how far any of the Bijawar limestones are truly 
of derived origin, that is, derived from the desintegration or solution 
add the re-deposition, or re-precipitation of previously existing 
limestones. Rocks of this nature occur sparingly in the underly- 
ing gneiss. They may be the accumulated remains of calcareous 
organisms, of which all trace has been obliterated, or they may 
have resulted purely from chemical precipitation, being derived from 
the supersaturated calcareous springs that usually accompany volcanic 
eruptions, and would be therefore related to travertine. Their 
close association with the volcanic rocks renders this interpretation 
very probable. They are frequently so rich in chlorite that they 
become chlorite-schists. The latter are in all probability metamor- 
phosed tuffs. The most important runs of limestone are generally 
interbedded with these chlorite schists. Sometimes the limestones 
are not in direct contact with any volcanic rock, as in the case of the 
strata interbedded with jasper at Agori. Wherever volcanic rocks 
are totally absent, as in the region examined about Chingo, there is 
also a complete absence of limestone. 

They frequently form small elongated lenticular masses varying 
in dimensions from a few inches to several feet, intercalated 
between the divisional planes of the calcareous chlorite schists. At 
other times they form thick continuous bands. One of the most 
important amongst these may be followed continuously from Urangi 
up to Kosai. It has already been mentioned in connection with the 
description of the Vindhyans. It is quite possible that several of 
the outcrops which run in parallel bands are repetitions of the same 
rock due to folding, but a detailed survey would be necessary to 
decide that point. 

When it forms lenticular masses amongst the chlorite schists, 
the limestone is frequently somewhat fine-grained and is striped in 
a direction parallel with the strike of the schists, showing bands of 
white pink-grey or greenish and bluish tinge (specimen r £fcand 
Sometimes it is coarser grained and saccharoid (specimen 
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The rock forming the thick continuous bands is usually highly 
crystalline and much coarser-grained than any of the Vindhyan 
limestones. They are nearly always conspicuously striped or mottled 
(sec specimens t Vb, tVs)- 

The limestone interbcdded with the red jasper at Agori Khas 
(spec. 7*^7) shares the red tint of the jasper itself, similarly due to 
the presence of hematite which gives the rock a very high density , 
a a 9i. 


Section III.— Volcanic rocks. 
a.Stratigraphy . 

The most characteristic members of the Bijawars are the basic vol- 
canic rocks. 

In the Son region they are confined to the Agori stage, their 
greatest development coinciding with the horizon richest in jasper. 
But they are also frequently interbedded with the strata that appear 
to underlie that horizon. Where the Bijawar outcrop is broadest, 
they are absent from the central portion of the outcrop, which pro- 
bably represents a higher horizon. In map 481, where strata pre- 
sumed to belong to the Agori stage reappear along the southern 
boundary, owing to the synclinal nature of the Bijawar outcrop, 
no volcanic beds are seen to occur at least in the portion which 
I have examined. This absence may be due to the irregular distri- 
bution of the rocks : the outcrop of the Bijawars is here very wide, as 
muchas twenty-five miles, and, taking into account the amount of 
compression which they have suffered, this width answers perhaps to 
as much as three or four times the original distance at which the beds 
were deposited, and this leaves plenty of room for horisontal 
variations. 

West of the Gopat where the Bijawar outcrop becomes much 
narrower volcanic rocks are freely developed in the neighbourhood of 
the southern boundary, just as much as near the northern one, and 
in fact throughout the whole width of the outcrop. 

Eastwards of the region which I examined in map 481 of Rewab, 
l 7° ) 
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and in which the southern outcrop of the Agori stage contains no to I- 
canic rocks, I have had no opportunity to examine the southern por. 
tion of the Bijawars. But the description given in the Manual, of 
the Rer section (ist edition, page 35, 2nd edition, page 56) leads one 
to believe that here again the Agori stage stretches right sk:ross the 
outcrop, and that volcanic rocks have reappeared. 

Owing to the disturbed condition of the Bijawars, it is some- 

* « # J , times difficult to decide whether these igneous 

Absence of dykes. , ® 

rocks are interbedded or intruded. If any 

considerable proportion of them were of an intrusive character, we 

might expect to find a profusion of dykes in the immediately adjoin- 

ing archatan gneiss. This not being the case, it is probable that most 

of the basic rocks found in the Bijawars of the Son region are in 

reality interbedded flows, but the examination of neither gneiss nor 

Bijawar has been complete Enough to make any decisive affirmation. 

In a great many cases, however, there is no doubt as to the crystalline 

lavas being interbedded. 

The underlying archean series does contain, it is true, a profusion 
of basic dykes, but these are of archaean age and differ in their 
characteristics from those of the Bijawars. Hypersthene and garnet 
which occur in the archaean are not to be found in the Bijawar rocks j 
while the reverse is the case with pyrites. Leucoxene and chlorite 
are extremely abundant in the Bijawars, but seldom met with in the 
archaean. It is important to draw this distinction, because as there 
has been sometimes some confusion indetermining the exact boundary 
of the Bijawars, rocks really belonging to the gneiss have sometimes 
been reckoned as part of the Bijawars. Hence by studying the speci- 
mens preserved in the Museum, one might be led to believe that 
some of the basic rocks in the two formations are identical. 

Basic volcanic rocks are never absent from the northern portion 
of the Bijawar outcrop throughout the whole length of the Son out- 
crop far beyond the limits of my own observations : the collection 
contains specimens from localities as far west as Hardi, beyond 
which point the Bijawars are exposed only fojr a short distance. My 
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own observations extend principally over the northern portion of 
nap 48 1, and the southern portion of map 480. 

Along the hilly region which extends south of the most northern 
range of jaspers, there are two great runs of volcanic rocks. The 
structure appears to be such as is diagrammatically represented in 
the following section : 



Fig- 5. 

1. Bed of the Son with the Vindhyans. 

2. Alluvia) plain .of the Son with the lowermost beds of the Bljawars : slates 
interbed ded with sandstones, limestones and lava-flows. 

3. The most northern range of the hematitic Agori jasper. 

4 The longitudinal valley of Sirwa and Piperwani largely occupied by lava- 
flows and chlorite schists. 

5. The range containing Cheropahar hill, consisting largely of jasper, often 
in a brecciated condition, with siliceous slates and slaty quartzites. 

6. The range containing Belawa peak consisting mainly of volcanic rocks. 

7. The broad undulating plain drained by the Gotun river ; it lies along the 
central portion of the Bijawar syncline and the beds belong to the upper members 
of that series. 

The most southern band of volcanic rocks, that which runs through 
Belawa peak, has already been alluded to in connection with some 
peculiar jaspers that it contains (see above, page 68). The next band 
to the north of it has been examined with less detail ; but it contains 
exactly the same varieties of rock and may be regarded with a fair 
degree of probability as its repetition. North of the most northern 
range of the Agori jaspers we get the slates underlying that horUon, 
and here again we frequently meet with interbedded lavas. Of all 
the rocks of this district the Bijawar jaspers are those that most 
successfully resist denudation. If a wide band of volcanic rocks 
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occur* between two runs of jasper, it forms an area of lower ground, 
as in the longitudinal valley of Piperwani. But if these same rocks 
are bounded on one side by nothing but the softer slates y then they 
themselves rise into ranges comparable in height with those formed 
by the jaspers, as in the case of the range which contains Belawa 
peak. 


b. — Petrography. 

All these rocks may be divided into two classes; those that 
are properly speaking igneous, and others which 
Ckwfication. par take of a sedimentary character and pro- 
bably of a tuffaceous nature. 

The rocks of the first class are principally tiralite-diabases, and 
altered basalts or melaphyres. Some of them are somewhat coarse- 
grained like one of the specimens from Bhanni (7^) described by 
Mr. Oldham as obtained from a dyke ; and we get every gradation 
up to rocks which originally must have contained a large proportion 
of glassy magma, such as from Dholki. All the volcanic rocks 

,, , from the Son outcrop of the Bijawars are, without 

MetamorpMsm. .. * .... 

exception, altered to a considerable extent. 

Unaltered olivine has not been observed. Augite was found in two 

instances only and and is then of the pale-coloured variety, 

poor in iron. In every othe*. instance it is entirely altered to an 

extremely pleochroic uralite, while at other times, especially in 

the base of some of the finer-grained rocks, it appears to have united 

with part of the substance of the felspars to form needles of paler 

hornblende. The felspar is universally saussuritised to a considerable 

extent. Ilmenite has often entirely changed to leucoxene. The 

secondary hornblende itself is often further altered to chlorite and 

epidote. In fact epidote and chlorite are abundantly developed in 

all th^se rocks ; chlorite is never absent and contributes more than 

any other mineral in communicating to them their characteristic 

green - colouration. 
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Ill addition to these chemical changes the rocks everywhere 
exhibit the effects of dynamical action which was, in fact* the 
original cause of most of these chemical changes. 

All these rocks having been equally subjected to great compress 
sion and all of them altered in very much the same manner, it 
follows that the differences in specific gravity which in fresh speci- 
mens distinguish the more glassy basalts from the coarser porphy 
ries have become obliterated. Hence there is not much variation in 
specific gravity, the mean density of all the specimens observed, 
leaving out two rocks of perhaps less basic tendencies, is 2*98. 
The extreme limits observed are within 2*9 to 3*1. 

It would be interesting to study a series illustrating their gradual 
transformation from the unaltered rocks ; but such a collection 
could not be obtained in the region which I visited, as all these 
rocks are in advanced stages of metamorphism. In other parts of 
India, however, the Bijawars have been much less disturbed, and 
they furnish specimens which give some idea of appearance of these 
rocks in their original condition. 

The collection in the Museum contains several rocks from 

Rocks from BundeL Bundelkhand which answer to this description, 
khand. They have been alluded to by Mr. Holland 

(Records, Vol. XXX, page 37), and may be briefly referred to in the 
present instance. Such are the specimens £ and ophitic dolerites, 
consisting of labradorite, ordinary brown augite, and ilmenite, with 
some biotite, micropegmatite and serpentinized olivine. In the hand- 
specimen the rocks have the appearance of coarse basalts of the 
freshest type without any of that green tinge which characterises the 
metamorphosed material. The specific gravity of £ is 3*04 ; while T 5 7 
consists of several fragments giving an average density of 3*09. With 
the exception of the serpentinized olivine, all the minerals are abso- 
lutely unaltered. The freshness of the specimens is surprising 
considering their antiquity. In searching through the collection I 
have succeeded, however, in obtaining some intermediate stages, by 
no means a complete series, but yet sufficient to indicate that a 
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gradation does exist, and that if the region were surveyed with 
that object a series of complete gradations could be obtained. 

The first stage of alteration that has been observed is illustrated 
by the specimen ^ collected in Bundelkhaud 
^eumo^tsm? from a hill north-west of the road from 
Cbowkee to Dergrah. It is coarser-grained 
than the two rocks just described. It resembles them in the 
hand-specimen, but it already shows a faint greenish tinge. Its 
specific gravity is 2*97. It consists of the same minerals, but 
one of them at least is distinctly altered ; this is the augite which 
shows initial stages of uralitisation. It was originally a brown 
augite similar to that of the unaltered dolerites, but much of it 
is now coloured green in irregular patches caused by numerous 
particles of hornblende disseminated throughout its mass, and in 
a few places the transformation is complete. Where the, mineral 
has not been changed to hornblende it is striated and clouded 
and stained with ferruginous products. The felspar is altered 
in the micropegmatitic intergrowths and sometimes in patches 
through the crystals, but on the whole it is as fresh and unaltered 
as in many much more recent rocks. The ilmenite shows no signs 
of any change. 

Metamorphism has proceeded to a far greater extent in the 
specimen f. It is interesting as being derived from the same 
locality as the unaltered dolerites | and ■&, showing that rocks in 
distinctly different stages of metamorphism occur at no great 
distances from one another. In the hand-specimen this rock has 
a decided resemblance to some of the Son region specimens poorer 
in chlorite. Its colour is already such as to justify the name of 
“greenstone.” The rock is finer-grained than those last de- 
scribed. The proportion of hornblende is much greater, and some of 
it occurs in fibrous forms. Chlorite makes its appearance. Yet there 
is still a great deal of augite; but the alteration of the felspars has 
proceeded to a considerable extent. 

Next to this rock we may class ff a contemporaneous lava 
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collected by Mr. Wilson in the Bijawars, north of Surajpuar. 
It is one of the rocks mentioned by Mr. Holland in the Records, 
Vol. XXX. page 37. In this rock the augites and felspars seem 
to have crystallised to some extent simultaneously, ilmenite and 
micropegmatite enclosing them both. 'I he saussuritisation of 
the felspars is here all but complete- The augites are largely 
altered to green pleochroic uralite in a curiously irregular manner : 
one crystal is still unchanged while the next one is entirely altered to 
hornblende ; or else one end of the crystal is augite, the other end 
uralite. Sometimes the change seems to take place along the 
striations in the augite. In many cases the transformation is seen 
starting from the outside ; but in one case also the centre of an 
augite crystal is changed to hornblende. The hornblende is in 
crystallographic continuity with the augite from which it is derived. 
There is also some fibrous hornblende and some chlorite. The 
ilmenite is still unaltered. 

fg is a dyke of uralite diabase from the gneiss at Barow. As 
it has the character of the Bijawar lavas, it may be regarded as 
belonging to the same period. Here the augite is entirely changed 
into a pale uralite, which may reproduce the structure of the 
original crystal or else forms a confused felted fibrous aggregate. 
Only isolated irregular traces remain of the original augite. The 
felspar is altered to saussurite to such an extent that in many 
parts of the slide the structure is completely obscured ; yet in 
other portions it has retained its clearness. Another of the 
minerals which in the previous rocks was little altered here shows 
conspicuous metamorphism : this is ilmenite now largely altered 
to leucoxene. 

With the next rock we enter the Son region. The rock 
was collected by Mr. Hackett at Hardi 
Son rtgioD. at the wes t ern termination of the Son outcrop 

of . the Bijawars. Here again some of the augite substance 
still remains as such, but in most cases it is much obscured with 
.jeon oxides and altered into a confused aggregate of decomposition 
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products so fine* grained as to be difficult to identify. The felspar 
is almost completely saussuritised ; leucoxene is largely developed. 
Another secondary mineral here makes its appearance, which will 
be found always present in the rocks about to be described: 
this is epidote which, in the present instance, may be observed 
forming large granular aggregates. The rock, however, shows none 
of the deformation and crushing of minerals which is so often 
observed in other parts of the Son region. At this western 
extremity of their outcrop the Bijawars are probably less disturbed. 

Nearly all the above-mentioned specimens contain micrographic 
intergrowths of quartz and felspar. 

The series which we have just considered is far too incomplete 
to allow a detailed study of the manner in which the gradual 
metamorphism of the different minerals is accomplished, but it may 
serve to give some idea as to the original condition of the rocks 
which we are about to review, and also to show that the lavas 
occurring in these two separate areas of the Bijawars belong to the 
same class of rock. 

All the rocks which I have collected are considerably altered : the 
micropegmatite, if it ever existed, has entirely disappeared. Except 
in two specimens, the alteration of augite to hornblende is com- 
plete. The change of ilmenite into leucoxene has proceeded so far 
that frequently nothing remains of the original mineral. In addition 
to these chemical changes the rocks exhibit conditions of strain and 
crushing of the minerals. Epidote and chlorite are universally 
present in large quantity, the latter mineral giving the rocks their 
characteristic colour. Calcite is often largely developed. 

All the specimens contain crystals of secondary pyrites which 
are conspicuous in the hand-specimen, but generally break off during 
the preparation of microscopic sections. 

Referring to the diagrammatic .section above represented (Fig. 5), 

Rocks at Gtrwi. we ma ^ ® rst rev * ew the rocks composing the 
more southern of the two main outcrops (6 in 

diagram). 
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Some of the rocks contained ]in this outcrop have already been 
noticed (see above, page 40), and it was mentioned that the outcrop 
was followed for a considerable distance, from Naogai to the west, 
up to Girwi to the east, and that it extends beyond either point. 

At Girwi the rocks dip at a high angle in a direction E. of S. 

The most southern rocks of this outcrop are slates of the usual 
Bijawar types. Immediately north of them comes a lava-flow, 
No. jW ; it is a fine-grained greenstone exhibiting distinct schis- 
tosity in the hand-specimen. The rock differs widely from the 
Signs of dynamic meta- comparatively unaltered types hitherto men* 
morphism. tioned, as it affords evidence of considerable 

crushing. In its present condition it consists principally of 
hornblende and felspar, together with leucoxene, chlorite and 
epidote. The hornblende is to a large extent fibrous, giving the 
rock its imperfect schistosity. The felspar shows considerable strain- 
shadows, and the long-shaped crystals are generally broken up into 
smaller grains. Those that still retain any indication of their 
original shape, show by their narrow dimensions that the rock was 
originally a fine-grained dolerite or coarse basalt. The epidote and 
chlorite which occur in close association probably represent a further 
stage of alteration of the hornblende. The specific gravity of the 
rock is 2*97. 

The two next rocks, ^ and have a decidedly fragmentary 
and bedded appearance. -yVV in particular weathers in a manner 
simulating a coarse conglomerate, the pebbles, however, being quite 
similar to the matrix. The rocks of this exposure are so highly 
disturbed that it is difficult to tell whether the structure is an original 
one, or whether it is due to subsequent brecciation attendant upon 
folding. 

In the specimen Jifa where the fragments are sufficiently small 
to allow of a number of them appearing in the same microscope 
section, they often show great differences in coarseness of grain, 
which maybe taken as a proof of the disconnected and clastic nature 
of the rock. The best preserved minerals are the felspars, 
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In some of the coarser-grained fragments they occur in long 
lath-shaped crystals exibiting well marked twin lamellae and quite 
unaltered. In finer-grained fragments their shapes are greatly or 
entirely obliterated by innumerable matted minute prisms of pale 
green hornblende, representing the original augite of the base, novf 
entirely metamorphosed. It is not improbable that some of the 
substance of the felspar has contributed towards the formation of 
this variety of hornblende. Some of the rock fragments are almost 
obscured by iron ores in small grains as is often seen in a fine-grained 
basalt, or else finely disseminated ilmenite is entirely altered to 
leucoxene. Considerable quantities of epidote and chlorite occur as 
usual. Here and there may be seen larger crystals of pleochroic 
uralite, indicating the previous existence of porphyritic augites. 
Sometimes they are twinned and their substance is compact, but 
often they become fibrous and are frayed and torn along the direction 
of bedding, showing that although the clastic structure is original the 
rock has nevertheless been subjected to considerable motion since its 
consolidation. 

The clastic or brecciated nature of the rock -fife is very con- 
spicuous in the hand-specimen, but is not visible in the microscopic 
section on account of the large size of the fragments. It shows 
under the microscope a very fine-grained basaltic groundmass through 
which are scattered some narrow porphyritic felspars, as much as 
half a millimetre long and arranged along the direction of flow, and 

Unlite with the shape Iar g e beautiful pleochroic uralites, some of 
of augite. which are over a millimetre in diameter. 

These reproduce accurately the shape of the original augite and 
even such details as partial corrosion by the fluid magma, and at 
the same time indicate the change in mineralogical composition 
mentioned by Rosenbusch and other authors as frequently accom- 
panying the uralitisation of augite : the large crystals are some* 
times surrounded by a fringe of caldte and chlorite, and in the 
interior of their mass patches of chlorite with epidote crystals are 
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sometimes observed Lb other places we find no more trace of either 
pyroxene or amphibole, only large crystals of epidote surrounded 
by chlorite. 

The characters of the ground mass are like those observed in the 
fragments that constitute ^ The pyroxene has combined with 
some of the felspar substance producing a closely matted mass of 
minute actinolitic crystals which even spread into the porphyritic 
felspars and obliterate the sharpness of their outlines. The flow 

structure is well indicated by aggregates and strings of ilmenite and 
leucoxene. 

North of this rock comes a calcareous schist of the same colour 
(specimen tVV)- ^ a limestone containing a 
considerable proportion of chlorite and epidote. 
These secondary minerals must have been derived from materials 
similar to some of those contained in the volcanic rocks just 
described. We may regard these rocks therefore as sediments con- 
sisting of finely divided eruptive material, mingled with the calcite 
which may be itself of volcanic origin. 

Further north these strata become interbedded with saccharoid 
limestones, and then the section is concealed. 


I will now refer again to the list of strata given on page 158, as 

occurring in the neighbourhood of a hill marked 
Rocks near Belawa peak. 1, o 1 1 i 

on the map as " Belawa peak. The rocks 

belong to the same band as those described from Girwi, but the 

series has acquired more importance and contains some interesting 

rocks which in the Girwi section are absent or imperfectly exposed. 

The most southern rocks belonging to the band G # are analogous 
to' those just described from Girwi; they contain the same dark 
chlorite schist and the limestone bands. Further north they are 
interbanded with beds of an igneous nature. These on account of 
their superior hardness often give rise to hill ranges : such is the case 
with specimen collected at the summit of the peak occurring 
north of Jagraowa This rock presents some curious peculiarities. 
It shows very distinctly in the hand-specimen the long ^prismatic 
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felspars that often attain a length of two millimetres* Veins and 
•patches of pink calcite are also conspicuous. Here again, in the mi- 
croscopic section, the broken condition of the felspars is such as to 
cause doubt as to whether this rock was originally of the nature of a 
tuff or a lava. In this case, however, it often appears that the felspar 
crystals have been broken since the original consolidation of the rock f 
for the fragments lying side by side ran frequently be referred to one 
crystal. One crystal, originally a continuous prism two millimetres 
long, is now broken into as many as sixteen fragments. At other 
times the crystals have been shivered into a confuse mosaic. This is 
the only unaltered mineral that remains in this rock, of which, however, 
it makes up by far the largest proportion. The rock differs from all 
the other specimens in containing neither hornblende nor leucoxene, 
nor epidote. The spaces between the felspar fragments are occupied 
by nothing but chlorite, calcite, and some small grains of iron ore, pro- 
bably all of secondary origin. The rock must have been originally 
less basic than the usual type. The specific gravity is decidedly 
below the average, being oivly 2*83. Whatever may be the origin of 
this calcite and chlorite, they have by their yielding nature protected 
from the effects of dynamo-metamorphism the felspar fragments and 
aggregates which they isolate from one another. This mineral shows 
the broad twin lamellae of labradorite, and although broken, it is fresh 
and unaltered. 

North of this rock we get more of the dark chloriteschists, then a 
paler variety D with large well-shaped crystal of pyrites (speci- 
men Next comes the peculiar green jasper C> described on 

page 68, possibly also of tuffaceous nature. Lastly we find a bed 
of fine-grained compact green diabase (specimen ^ t ) resting 
upon the slates A. In the field this rock has a jointed appearance 
and weathers into spheroidal masses very much after the manner 
of a basalt* It has a specific gravity of 3*04. Under the micros* 
cope this rock exhibits one of the most extreme types of altera- 
tion. A few fragments of the prismatic felspars are sufficiently well 
preserved to show by their small dimensions that the original rock 
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was fine-grained! and nearer a basalt than a dolerite. Th^se are the 
only unaltered minerals. The section shows nothing but a confused 
mass of irregular felspar granules, uralitic and actinolitic hornblende, 
epidote chlorite and leucoxene, and even quartz, all of thenf of 
secondary origin with the exception of the felspathic groundings 
which consists of the fragments of the original prisms. There are 
some curious pseudomorphs of a mineral, which, judging from the 
shape of the sections, appears to have been olivine. The original 
substance is replaced almost entirely by epidote, the remainder being 
occupied by chlorite. The epidote crystals have begun growing 
inwards from the boundaries of the crystal, producing an appearance 
recalling that of the chondri in meteorites. 


c. — Coarser-grained lava. Diabase . 

We may next review some of the volcanic rocks collected from 
other exposures. They are all closely related to those just described, 
but present nevertheless some interesting variations. They may be 
conveniently divided into coarser-grained diabases, and finer-grained 
melaphyres. 

Amongst the coarser-grained varieties, I shall first mention speci- 
men 7^, the only diabase of this district in which augite has been 
observed. It occurs north of Jungel interbedded with the purple slates 
y Y g — tVt* The diagram Fig. 6 indicates the distribution of the rock. 



Fig. 6 . 

x. Red shales sandstone. 2. Plain of Jungel occupied by chlorite schists and 
volcanic rocks. 3. Horizon of the specimens 7 V T and -fa collected a short dis- 
tance further west. 4- Jasper. 5. Purple slates, jfo ^ 6 . Diabase 

7, Small band of Jasper. 8. Red and green slates with numerous quartz- 

veins. 
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(n the' hand-specimen the rock has a pate green colour. Tliougfh' 
it is hot very fine-grained, the component mineral’s are difficult tfo 
distinguish because they all possess nearly the same colour. A few 
Spedts of 1 pyrites may be recognised. The specific gravity is i'tfi. 
Under the iriicroscope the rock shows an ophitic structure with a 
fendericy to glomerop6rphyritic. The augites occupy large areas 
without proper crystallographic boundaries and are penetrated 
into by the labradorite prisms. The crystallisation ot the felspar 
had gone on to a considerable extent before that of the augHe 

began. The mineral belongs to the variety 

Unaltered augite. k ncwn as sa hlite, being almost colourless in 

section and very transparent in the hand-specimen. The cracks and 
cleavage striations are more developed than is usually the case in re- 
cent lavas, but otherwise the mineral is absolutely fresh and un- 
altered. It seems as though these pale augites are not liable to 
paramorphic changes in the same rheasure as the darker, brown 
varieties. Not only is it the least altered mineral in the rock, 
but it is the only one unaltered. The felspars are considerably 
obscured by chlorite, epidote and actinolite which surrounds the 
crystals, penetrates round their borders or through their deaVage 
cracks, or form patches in the midst of their mass. .The abundance 
of these secondary minerals attests the former presence of some 
ferromagnesian minerals other than the large pale augites which 
evidently contain very little iron. 

As a contrast to this rock with its unaltered augite, I may next 
mention a specimen containing the most typical uralite T W* It' was 
collected north of Sisla Dan and belongs to the more northern of the 
two bands of volcanic rocks represented on figure 5. The texture 
exhibits about the same coarseness of grain as in the rock just 
described, only the hand-specimen presents a mottled appearance 
owing to the contrast between the dark green silky hornblende and 
opaque white saussuritised felspar. Idiomorpbic crystals of secondary 
pyrites, cubic in shape, are abundant. The specific gravity is 2*97-. 
Under the microscope the structure appears well preserved^ 
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notwithstanding the alteration of the minerals. The original augite* 
had crystallised at an earlier stage than in for many of them show 
idiomorphic outlines. Portions of felspar prisms are, however, inter* 
grown with them, showing that crystallisation of the felspar had com- 
menced before that of the augite was completed. This augite is, 
however, entirely changed to uralite which exhibits the most beauti- 
ful pleochroism. 

The sharp-angled cleavage with its want of parallelism to the 

.... , prism faces, so characteristic of uralite. is ex- 

Typtcal uralite pseudo- r 

morphs after augite. hibited in several crystals. The substance of 
the hornblende is crowded with small inclusions the exact nature of 
which it is difficult to ascertain. They give the crystals a somewhat 
clouded appearance. Sometimes the sharp and well-defined edge 
of the crystal is surrounded by an additional narrow zone of chlorite 
full of minute actinolitic needles, more or less irregularly oriented. 
At other times, a fringe of hornblende needles has developed 

Secondary growth of “ crystallographic continuity with a grain of 
hornblende. uralite producing an additional growth of small 

prisms projecting into the saussuritised felspar. That they are an 
additional growth and not the torn edges of the hornblende is made 
clear in this case owing to the outline of the felspar which can still be 
clearly followed. The present section shows several instances where 
this is undoubtedly the true explanation. The felspars exhibit the 
characters of labradorite, but they are saussuritised to an extent 
quite 'comparable with the specimen 7^. The usual chlorite- 
epidote aggregates are typically developed. Ilmenite is mostly 
altered to leucoxene, but sometimes cores remain of the unaltered 
mineral. 

This uralite-diabase may be taken as the type of a very large 
number of Bijawar rocks all presenting almost identical characters. 

collected by Mr. Oldham at Bhanni, is absolutely identical in 
section. It is a little coarser grained in the hand-specimen. The 
specific gravity is the same : 2*97. Such is also 7^ , collected north 
of Chakdehia, where it is clearly interbedded with the] slates. The 
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points of difference are its texture which is finer-grained, and its 
‘structure which is more ophitic. The degree of alteration of the 
minerals is perhaps less, but the mode of alteration is exactly the 
same. The original structure is very well preserved. Even the 
original twinning of the augites is reproduced in the uralite. 

Such is again T y T which was found about half way between Girwi 
and Naogai, but not in situ; it was a spheroidal boulder. It is greyish 
green in colour, with a mottled appearance in the hand-specimen. 
The specific gravity is 2-91. It contains the same minerals as -ffo 
with the addition of a large proportion of calcite. The original 
structure is difficult to make out exactly owing to the changes that 
have taken place : it seems that the original augites had crystallised 
largely before the felspars. They are now entirely changed to uralitei 
and in a few cases the frayed edges of the crystals show a slight 
bending which indicate that the structure may be partly due to 
subsequent movement in the rock mass. At the same time we have 
undoubted proof of the secondary growth of the hornblende. Where 
the uralite comes in contact with some of the large patches of the 
easily yielding mineral chlorite, it has grown into those spaces, 
assuming the shape and the characteristic sharp angles of the amphibole 
prism. The original limits of the crystal may sometimes be recognised 
owing to their green colour, the additional growth consisting of 
colourless actinolite. 

In the midst of the chlorite patches there occur also pale hornblende 
crystals which are perfectly idiomorphic. It is probable that these 
do not represent any paramorphic change of augite originally situ- 
ated at the place which these crystals occupy, but they are entirely 
new formations derived from material furnished possibly by minerals 
of various species. Calcite and chlorite form large patches through 
the uralites. The calcite often forms idiomorphic crystals through 
the chlorite aggregates. The felspars are somewhat clouded owing 
1 to kaolinisation, the effect of atmospheric weathering. They are 
otherwise almost unaltered. Leucoxene occurs in the same manner 
as in the rocks already described, sometimes with a small unaltered 
nucleus o^ilmenite. 4 
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MeUphyrM. 


d —Ftner-grained lavas , altered basalt (melaphyre). 

There is every gradation from these diabases to the finer-grained 
altered basalts or melaphyres. The greatly altered rock men- 
tioned above on page ^ i is already fine-grained 
enough to deserve that appellation. No other 
rock observed in the Son region exhibits such a degree of alteration, 

Similar rocks from but some of the rocks from the Jabalpur outcrop 

Jabalpur. D f the Bijawars are very similar, for instance, 

i^Ar> tVt and £-£-• 1V5 * s somewhat schistose and coarser-grained than 
The felspar seldom shows any traces of its original crystal 
outlines. The hornblende is fibrous, bent and curved giving wavy 
extinction. There are patches of chlorite associated with well- 
shaped epidote crystals. The chlorite does not form a felted scaly 
aggregate, but is in crystallographic continuity over the whole area 
of the patches. It may have grown in the place of some pre-existing 
porphyritic constituent as we shall find to be the case in another 
melaphyre from Dholki in the Son region. There are numerous 
patches of leucoxene. 

shows nothing but a very fine-grained felted aggregate of fibrous 
hornblende and minutely granular felspar. Almost all the hornblende 
fibres are more or less curved. There are secondary quartz and calcite, 
and little or no trace remains of the original structure. is still 
finer-grained. The hand-specimen is greyish-green. It consists of 
green hornblende in minute fibres, felspar, leucoxene, chlorite and 
epidote. The structure is not entirely obliterated and the felspar 
microliths can still be discerned. 

Returning now to the Son region, there is a very similar rock 
from Deora, collected by Mr. Bose. It 

belongs to the more northern of two great 
volcanic outcrops represented on figure 5. It is a schistose scoria- 
ceous melaphyre. The hand-specimen is of green colour and is 
speckled with small rounded masses of chlorite. It also shows 

elongated masses of calcite with a flattened elliptical section. These 
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represent drawh-out cavities subsequently infilled by the mineral, so 
•that the rock may have been originally a scoriaceous basalt. As to 
the small chlorite masses, if they were also filled up cavities, we 
would expect to see them assume the same shape as the larger ones 
filled with calcite, instead of which their dimensions are only very 
slightly greater along the direction of bedding. They are perhaps 
pseudomorphs after some porphyritic constituents whose crystals 
were arranged along the direction of flow. Under the microscope 
the fine groundmass of the rock is quite similar to that described in 
the case of the Jabalpur rock f-f. It consists of hornblende, felspar, 
leucoxene and chlorite. The hornblende is in minute prisms and 
fibres frequently curved. The felspars give wavy extinction, and 
their mass is penetrated into by chlorite and minute hornblende needles 
that entirely obscure their crystalline outline. Leucoxene occurs 
in large quantity forming streaks and patches all over the section. 
The chlorite masses/ appear under the microscope as spherical or 
ovoid aggregate of felted chlorite scales associated with epidote and 
calcite. The secondary growth of the minerals surrounding these 
patches has generally obscured the shape of the original porphyritic 
mineral whose place they occupy. In a few cases the shape may 
still be partly recognised, and it would seem that the original 
fttiiietal was olivine. The rock would then be very similar to the 
one nixt to be examined. 


This is a very fine-grained melaphyre with porphyritic augite 
. . . and olivine, collected at Jarkarua in the river 

Altered olivine-basalt. ... # t „ 

bed immediately north of the Red Shale bouna- 
aty (Specimen 7^). The point 3 (Fig. 6) is in the direct continuation 
of its strike. It occurs therefore at a short distance froiil tfife band 
cohtAiiiing the diabase which we found to contain Unaltered 
fT u u augite (page 82), arid this remarkable feature 
is agdln exhibited in the melaphyre Showirig 
fliaft tfiis must bfe a region of lesser metamoi*phism amongst the 
Bijawars. It resembles a basalt in the hand-specimen with, 
however t a greenish tinge, and is mottled all over with dark green 
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silky patches of chlorite which are found to be pseudomorphs after 
olivine. The specific gravity is 3*03. The microscopic section 
shows idiomorphic porphyritic crystals of augile and of the 
altered olivine scattered through a minutely fine-grained matrix ex- 
hibiting typical basaltic structure. The augites^ like those of the rock 
belong to the pale-coloured variety and they also appear very 
transparent in the hand-specimen. Some of them seem to have been 
corroded by the magma. Again as in tVV the augite of the ground* 
mass is altered to minute hornblende needles. The felspar is, how* 
ever, quite unaltered, and the shape of the minute microlites which 
it constitutes, very well preserved. The base also contains chlorite 
and epidote. Ilmenite is scattered throughout the base in minute 
grains as is seen in many typical basalts and it is only partly altered 
to leucoxene. The groundmass of the rock is very similar to that 
of yVb' from Girwi, described on page 80, only without the larger 
porphyritic felspars. The most interesting feature is, however, the 
olivine, porphyritic crystals of which constituted originally a large 
proportion of the rock. It is entirely altered to chlorite, but the 
outlines of the crystals are admirably preserved. A feature worthy of 

Canon, pseudomorphs n0tic f is that the °P tic « is °f the chlorite 

of chlorite after olivine, coincides with one of the crystallographic axes 

of the original olivines and the pseudomorphs give perfectly 
straight extinction. Sometimes the totality of the chlorite is 
developed parallel to one axis of the olivine, or else a smaller 
proportion coincides with another axis at right angles to the 
first one, in which case a series of meshes is produced which 
probably represents the original cracks in the olivine. This alter- 
ation might be compared to the change of enstatite into bastite. 
Detached flakes of the chlorite give the characteristic uniaxial figure 
of that mineral in convergent polarised light. The mineral 
exhibits a bright pleochroism from green to pale yellow, and the 
pseudomorphs form remarkably beautiful objects under the 
microscope. 
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Tuffi. 


Chlorite schists. 


e.— Tuffs , etc. 

In most localities where there is any great development of 
volcanic strata, the true igneous lavas are accom- 
panied by great thicknesses of sedimentary tuffs, 
consisting of volcanic fragments redistributed by water. These 
tuffs often surpass in importance the lavas themselves. In a region 
like the one under examination, where the lavas themselves are 
considerably altered, it is to be expected that changes at least as 
great would take place amongst these much looser materials. The 
great thicknesses of chlorite schists which have 
already been alluded to as accompanying these 
lavas may be looked upon as the altered representatives of these 
tuffs. The secondary mineral chlorite represents the altered ferro- 
magnesian silicates, and owing to the great development pf this 
mineral, the rocks in this closely folded district have become com- 
pletely schistose, and ^11 trace of the original structure has dis- 
appeared. These rocks usually contain calcite in such a large 
proportion as to deserve the name of chlorite limestone or chlorite 
cipollino. The calcite may be largely derived from the alteration of 
the original minerals, but it results partly from simultaneous deposi- 
tion, for the schists contain lenticular masses of limestone interleaved 
between their folia*, and massive limestone beds are frequently 
intercalated. (See above, page 69.) As already mentioned the 
calcite itself may be volcanic in origin, the limestones being of the 
nature of travertine. 

These chlorite schists often contain both pyrites and magnetite. 
The pyrites crystals are sometimes of fairly large size and they 
occur in the form of cubes with striated faces, as is very common 
with that mineral. They are sometimes largely altered to hematite 
Pyrites altered to without, however, the slightest change in their 
hematite. crystalline shape. The smaller crystals are 

complete pseudomorphs, while the larger ones have an outer shell 
of hematite that sends irregular branching extensions into the 
inner mass of the crystal, much of which still consists of pyrites. 
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In addition to these schists which we may safely regard as altered 
Rocks of doubtful tuffs, the strata of the volcanic bands are occa> 


nature. 


Qoarts-epidote rock. 


sionally associated with various rocks of puzzling 
appearance, and for which 1 can offer yet no definite suggestion as to 
thei r nature or mode of origin. 

Such is which consists almost entirely of epidote and quartz. 

The quartz is continuous over large areas. Both 
minerals are much obscured by a white opaque 
substance which is very finely divided. It occurs S. E. of Maoghun 
associated with the volcanic rocks ; but the exposure is not clear 
enough to make out its relation to them. 

7*8*3- however is clearly interbedded. It occurs immediately north 

of the most northerly run of Agori jaspers, on 
Qutrtz-calcite rock. ^ r0a( j j rom Khattai to Maoghun. In the 

hand-specimen it has the appearance of an impure limestone, green 
in colour, mottled blue with more coarsely crystalline patches, tinder 
the microscope it appears to consist almost entirely of an intimate 
mixture of quartz and calcite (or dolomite). Skeleton and fern-like 
forms of an opaque white or yellow substance are abundantly 
Scattered. Some portions of the section are bounded by such regular 
lines that they have quite the appearance of pseudomorphs. These 
portions are richer in the carbonates, and the opaque microiites 
are absent from it. The rock gives the impression of being entirely 
pseudomorphous. 

7*8*3 collected east of Jungel is very similar, but with a more 
confuse and brecciated appearance. In addition to the minerals 
contained in 7*^, there is chlorite, serpentine, chalcedony and mag- 
netite, the latter mineral having also a pseudomorphous appearance. 


J,— Conclusion. 

♦ We may conclude by saying that it is well established that an 
nathnsitfe series of basic volcanic rocks occur amongst the Bijawars, 
particularly hi the Son region. These volcanic rocks consist of both 
lavas aftd tuffs. 
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Unaltered examples of the lavas have been found in Bundelkband f 
and represent doleritic and basaltic types of varying degrees of 
coarseness, consisting principally of labradorite, augite and ilmenite 
or magnetite, with varying quantities of olivine. They are remark- 
able, moreover, for the frequent presence of micrographic quartz. 

Owing to the great compression which the Bijawars have suffered 
in the Son region, the rocks there are much metamorphosed. The 
augite is almost always altered to uralite, and it seems also to have 
combined with some of the substance of the felspars giving rise to a 
less ferriferous hornblende. These changes are accompanied by the 
formation of chlorite, calcite, and epidote. The felspar is usually 
saussuiitised, its chemical alteration being generally inversely pro- 
portional to the amount of fracturing which it has suffered. 
Fresh olivine is never met with, and one rock shows an interesting 
transformation of that mineral into regularly oriented chlorite. 
Ilmenite is universally <thaitged into leucoxene. Pyrites is usually 
largely developed. 

Far more abundant than the lavas are the tuffs in which trans- 
formations of an exactly similar nature have taken place. The great 
preponderance of chlorite gives them generally a schistose structure. 
They contain calcite in large proportion and are interbedded with 
great limestone masses whose true nature is perhaps that of 
travertine. 

It has been sometimes stated that basic volcanic rocks are rare 
or absent amongst the older sediments. This impression may 
have resulted from the fact that owing to their great liability to 
considerable metamorphism, the older basic lavas have not been 
recognised as such and have remained unnoticed. The data at 
present available are probably insufficient to estimate whether the 
proportion between acid and basic volcanic rocks throughout the 
world has varied in successive geological periods, but the existence 
of considerable quantities of basic lavas in many pre-cambrian 
systems is well established. 

In the present case, we find no well-defined law in the succession 
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of rocks, for the next volcanic outbreak at the time of the lower 
Vindhyans was of acid lavas, and later again we have the basic flows 
of the later Deccan-trap period. It is true that there elapsed such 
a long period between the formation of each of these three volcanic 
systems, that there may be no connection between them. 
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Previous opinions. 


Chapter V.— THE VOLCANIC ROCKS OF THE LOWER 
VINDHYAN SERIES. (E. Vredrnburg.) 

Various opinions have been expressed concerning the real nature 
M Porceiianites ” and of the porcellanic and “trappo'id" beds that 
trappoids \ constitute a considerable proportion of the 
lower Vindhyans. Some analyses published by Mr. Mallet (Memoirs, 
Geological Survey of India, Vol. VII, page ia8) show them 
to be very similar in their composition to igneous rocks, the 
coarser-grained varieties or u trappoids ” especially so. Yet, 
owing to their undoubtedly sedimentary character and the absence 
of any foci of volcanic activity, the conclusion was arrived at that 
they are results of purely aqueous sedimentation and derived from 
the disintegration of felspathic gneisses and granites, the coarser 
rocks being of the nature of felspathic sand- 
sta^e, or arkose, the porceiianites on the other 
hand representing indurated beds of finer-divided material. Yet 
even in the Memoir quoted above, some doubt is expressed as to 
this being the true explanation. u it is perhaps doubtful whether the 
highly igneous looking rock of Hoorkahoorkee may not have a 
different origin” (page 128). The glass-like clearness of the fel- 
spars in many of the specimens is difficult to reconcile with the idea 
that it was derived from a granitic or gneissose rock. 

At the time of the earlier descriptions of these rocks, the micros- 
cope had not yet been applied to their study. The examination of a 

Rock, are of the n.ture number of microscopical sections has resulted 
of the tuffs. j n showing that the rocks are tuffs. In any 

accumulation of volcanic rocks, whether acid or basic, the tuffs are 
often found to surpass the real lavas in bulk. With acid lavas it is 
an almost constant rule, for the eruptions are principally explosive 
in character, and the imperfectly fluid lavas seldom flow to any great 
distance. 

As atypical specimen of the coarser rocks or 11 trappoids ” we may 
take the rocks 7^ and 7^ collected by Mr. Oldham at Baheria and 
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Kua. The appearance in the hand-specimen is not altogether unlike 
that of an arkose, though the grains are seen to be separated from 
one another by the porcellanic looking matrix analogous to that 
constituting the “ porcellanites.” This matrix has become so indu- 
rated that the fractured surfaces run indifferently across it, and the 
embedded crystals, as though they were one homogeneous substance. 
But a glance at the microscopic section shows that the rock cannot 
have resulted from the usual process of igneous sedimentation. 
The grains constituting it are so different in size that they could 
not represent particles resulting from ordinary weathering re-distri- 
buted by flowing water. Their shape militates also against that ex- 
planation, for they are generally quite angular. Some of them are 
idiomorphic crystals, while others have their outlines rounded, not 
in the somewhat rough manner of ordinary sand-grains, but with 
a very smooth outline and re-entering contours which indicate 
that the crystals have been corroded by a molten magma. Lastly, 
these grains of varying size are imbedded in a matrix so fine- 
grained that its detailed structure becomes visible only under the 
microscope. 

Not only are the structures of the rock different from those 
resulting from purely aqueous sedimentation, but the minerals are 
of quite a different nature from those constituting the neighbouring 
gneiss. The latter are perfectly allotriomorphic and always exhibit 
unmistakable signs of granulation and dynamo-metamorphism. 
The two specimens of " trappoids" alluded to consist principally of 
felspar and quartz, the felspar being largely in excess, which would 
agree with the analyses given in the Memoirs. So far from resem- 

Mineral, of volcanic blin g the minerals of the gneiss, all the particles 

ori * in - constituting these rocks are unmistakably 

volcanic in origin. Both the felspar and quartz are corroded in the 
manner so characteristic of rhyolites. Orthoclase and oligoclase 
are both present. Some of the orthoclase is locally altered to micro* 
cline, but this might result from the strains that must have been 
produced during the folding of the lower Vindhyans. The quartz 
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extinguishes uniformly, or with a very slight waviaess which may be 
attributed to the same reason. It is full of glass inclusions. Besides 
the grains of quartz and felspar, there are a great many fragments 
similar to them in size and irregularity of outline, and consisting- 
either of micro-crystalline rhyolite, or of a glass with imbedded felspar 
miccoliths, or even of obsidian which remains without any action on 
polarised light. 

The fine groundmass consists principally of small grains of felspar 
and quartz and fragments of devitrified glass through which are 
scattered flakes of biotite. Occasionally grains of calcite are met with. 

Most of the other specimens examined microscopically 
and are essentially similar in all their characters. The two 
specimens and are from a much lower horizon than the 
“ porcellanic stage,” as they were both gathered from bands occurring 
interbedded with the shales of the division No. 1 of Mr. Mallet's 
nomenclature. Porcellanites also are found similarly situated. 
is from the region of Kon Khas, from the Garbandh outlier. 

The lower Vindhyan sandstones are frequently, though by no 

Secondary growth o{ means invariably, transformed into highly com- 
quartz. pact quartzites owing to a secondary growth 

of the quartz-grains, so that the rounded grains which were originally 
more or less independent, have been united into a compact aggre- 
gate of intergrown crystals. This tendency is particularly manifest 
whenever the rocks contain any volcanic material even in small 
proportion, as if the silica contained in the colloid glass were 
particularly liable to solution and re-deposition. To this kind of 
action, more perhaps than to devitrification, is due the extremely 
homogeneous aspect and compact nature of the porcellanites. It 
has just been mentioned in speaking of the trappoids that amongst 
the angular fragments which they contain, a great many consist 
of micro-crystalline rhyolite. It is of course very difficult to say 
whether this micro-crystalline structure is original or the result 
of subsequent devitrification. There is, in favour of its being partly 
original, the fact that perfectly allotropic fragments of obsidian are 

( 95 ) 



9® 


GEOLOGY OF THE SON VALLEY, BTC. 


found side by side with them ; and that some rhyolite fragments contain 
idiomorphic felspars with subsequent enlargement of the felspar 
which could only have taken place when the mass was partly molten, 
and which shows that the crystalline nature of the groundmass is an 
original feature at least in the immediate neighbourhood of the por- 
phyritic crystals. But there is no doubt as to the large extent to 
which secondary crystallisation of quartz has taken place, so that 
angular fragments of micro-crystalline rhyolite, whose shapes are per- 
fectly definite in ordinary light, appear with quite confused bound- 
aries in polarised light, and can scarcely be distinguished from the sur- 
rounding aggregate of minute grains. These angular fragments ap- 
parently quite similar to the matrix containing them may be observed 
even in hand-specimens of the porcellanites. This is easily understood 
on the supposition that the rocks are the result of showers of volcanic 
dust in which the fragments lack the uniformity in size obtained in 
a purely sedimentary rock deposited from water flowing with a 
definite speed, and the extent to which secondary crystallisation has 
gone on gives great similarity to both the matrix and the included 
fragments. In fact under the microscope, the " porcellanites ” appear 
quite similar to the matrix of the " trappoids. ” The two rocks are 
practically identical, the only difference being that the porcel- 

Porcellanitei lanites do not contain the larger fragments 

° rC * * W * characteristic of the " trappoids. ” The perfectly 

homogeneous appearance and compact nature of the rock is due, as 
above stated, to secondary crystallisation of quartz, but in a thin 
section the component particles when not actually visible with the 
naked eye, may be discerned at once by the aid of a pocket lens. 
The sections are resolved by the lowest powers of the microscope, 
the boundaries of the crystalline components being particularly clear 
in polarised light. The size of these particles varies between 
extremely wide limits, just as in the case of the trappoids, and 
without any regular arrangement of grains of one particular size in 
definite layers. The minerals are exactly the same as iu the case 
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« trapporda. ” The dibrit are all exceedingly anguftfe rtktlir* 
regular, abd owing to their fragmentary condition, the gr«t%e«W*t 
always be identified as quarts or felspar ; but as a considerable priO 
portion can be recognised for certain as felspar, it is most pOAdti 
that here again, as in the case of the trappoids, felspar is in greater 
abundance than quarts. 

In these porcellanites, just as in the trappoids, the felspar if 
of flx usually perfectly clear. On the supposition that 
the rocks were an aqueo-sedimentary one, the 
felspar must have travelled over great distances to be comminuted 
into such small fragments ; it would be very surprising then that it 
should remain unaltered, showing no trace of the atmospheric alter* 
ationto which it is so liable. Fine-grained sediments do not, as a rale, 
contain felspar : they may consist largely of such minerals as quartz 
or mica, or iron ores, but the felspar is represented entirely by 
its atmospheric decomposition products, principally kaolin. Unal- 
tered felspar is usually found only in sediments of the coarseness Of 
sandstone ; and even then, except in the case of an arkose produced 
in immediate proximity to a granite, it is quite subordinate to quartz 
in quantity. 

tn addition to felspar and quartz, the porcellanites consist to a 
large extent of fragments of fftore or less devitrified glass, and grains 
of micro-crystalline rhyolite which often contain small idiomorpbic 
Apatite, hornblende, apatites. Grains of calcite and small crystals 

of hornhlende are also met with. Fragments 
of pumice are abundant, often of comparatively large site. 

Observations on a larger series of specimens than 1 have been 
able to examine would no doubt bring out many interesting points. 
Still the evidence is sufficient to show that these rocks are certainly 
not derived from the disintegration of gneiss, which had been 
hitherto the most generally accepted theory. 

* At theseame time/ microscopic examination shows that the radkff* 
arp no* purely igneeus : that is, they are wot of the nature of tatofe 
$hetr o#de of occurrence iq the field also leads to the Unto 
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W Nj gf a s lau, for they resemble ordinary sediments «n their formmg 
•arrow beds of rapidly alternating composition, cemoiaing cea- 
suot JkorisonUlly over wide exposures. the structure being further 
em pha s i s ed by the very tegular bends of different colours (baft 
frequently give the pu rocUauit a s their characteristically s t rip ed 
appearance. 

It seems quite dear therefore that these rocks are volcanic tuffs. 
There remains but oae difficalty to be dealt with, it is the apparent 
ab s ence of any volcanic centres from which this large bulk of 
materials could have been derived. 

The only sign of the former site of a volcano that one could 

p-,Y r td — i i- expect to discover would be in the shape of an 

c “ tr “ - intrusion. So far as the Vindhyans themselves 

are concerned, the chances of finding any dykes traversing them are 
small, for the eruptions took place in the earlier stages of this forma- 
tion. The rocks belonging to this stage outcrop along a very narrow 
belt of country, owing to the peculiar structure of the Vindhyans 
whose southernmost and therefore lowermost beds are usually vertical 
or nearly so. It would require therefore a combination of specially 
favourable circumstances, in order that a dyke traversing rocks of 
that age should be exhibited amongst these beds. If the volcanic 
centres originally existed north of the line of country occupied at 
present by the outcrop of the lowermost stages of the Vindhyans, 
they are of course entirely concealed by subsequent formations. The 
only chance of finding an igneous dyke of that series is therefore 
south of the Vindbyan outcrop, on the supposition that there ever 
occurred any in that situation. 

About the meridian of die Rer (or Rehand) the belt of land occu* 
pied by the Bijawar and Archaean, bounded to the north by the Via* 
ffhyans, and to die south by the Gondwanas, has a considerable width, 
as which as fifty miles. “No acid dykes have been recorded #a running 
through these formations ; yet their examination cannot be -said $o 
have been so thorough as to preclude all possibility of any such having 
been overlooked. In a westerly direction the space between d* 
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> IWftyi M Ae fioDimaw im—> rapidly 
tfettM of dinweriag these dykes become praportedly k<l* 
Ixnwriw, the Althaea* an d aU the other rocks become f*ea% 
swacealed by allavium and have not been studied is detad. 1 IfyouW* 
monk didsat extend solar etudes the Kad river. Bet «n Hie Sa*^ 
coUeotMQ these exist specimens of “ trappoids " from the district 
asst -of that rarer, and these peered on anicroscopieal exami nation t* 
he true igaaoaa rocks. 

The exposures from which these specimens hare been derived 
_ . . , occur south-east ol Rotasgurh, or more exactly 

lx*. south of Kutambeh (Lat. 24 37*, Long. €4® 17^. 

Here the trappoids are described as resting immediately upon the 
gneiss, and consequently the lowermost divisions of the series are 
stated in previous publications to he missing ; * fa the outliers, 
however, which occur in the alluvium south-east of RotaSguth, the 
conglomerate is entirely absent, as well as the next two members 
of the series, and beds, apparently representing the trappoid hand 
Ho. 4, rest directly on the crystalline rocks" {Memoirs, Vd. VH, 
page 32 ; the same Statement is again made on page 36), f may 
just mention that this observation does not necessarily entail the 
disappearance of the stages 1, a and 3 by an overlap of Ho. 4. 
The hand No. 4 corresponds to the period of maximum deposition Of 
the * trappoids, M but it has been ascertained they occur at intervdkt, 
both above and below that horizon, and are often fairly abundant 
towards the base of the series. Moreover, as will be shown here* 
after, 'these Kutumbeh codes are most probably « i the nature of 
Mtnmne mils, and would be newer, therefore, than the hortaou to 


'This Is how Mr. Medlrcott describes one of these occurrenc es in hi 
Progress Report of 1863-64 : ■** 1 win now nofici 
this felspathic Son rock in its extreme fora 
*, test sermon {63-64), in working along the crystalline boundary frail 
'&e brafc» t awfully puzzled when I came to the Kalap«lum«m 
tttyetj qp a pl co wp and remarkable g non p of dome hills South -0 
KoOtooaribeht These c o m pl e t e domes are formed of the 

uffifc & 1# ra 
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UMrphous variety of the coarse, porpbyritic pseudo-granite ; great 
tare masses presenting acres of convex surface without a crack* 
Closely packed between these domes and encircling their b a ses 
is a pseudo-crystalline rock-*-a rock which in a hand-specimen 
I would have set down as a granitoid trap, or trappoid granite; 
compact felspar being largely preseat. 1 got one observation 
showing more folly the relation of thia rock to the thorough* 
looking granite. On the path leading from the village of Kale* 
pahar on the North, through the hills to Kota on the Sooth, tike 
first low dome on the right hand presents an exceptional feature ; 
over a large portion of the boss, and reaching quite to the top, there 
is the remains of an outer shell, of a most regular thickness, some 
six or seven feet. This upper crust is of the trappoid variety, and it 
is in sharp contact with the coarsely crystalline central mass, just 
like two strata ; on the East side the edge of the outer mass is 
straight, giving the appearance as if half the dome were entirely com- 
posed of it ; bnt on the West side the edge is not continuous with 
that on the East, and is, moreover, broken and indented, leaving 
UP doubt that the coarse rock underlies throughout." 

After describing some more similar occurrences, Mr. Medlicott 
comes to the following conclusion : “ These sections leave little 
doubt as to the origin of these peculiar Sone strata, though much 
remains to be observed and considered as to the conditions of thek 


formation. I can hardly seriously entertain the view of their being 
trappean or volcanic/' 

The same opinion is given in the Memoirs (Vol. VII, page 36). 
*' It rests directly on granitoid gneiss, and its examination strongly 
leads one to believe in its being a sedimentary rock made up of the 
dtbris of the latter." The results of subsequent examination have 


now caused these conclusions to be modified to a certain extent, f 
Both the gneiss (specimen ft) and the overlying “teoppoM* 
(specimens ^ and *£*) are represented in the collection* fTb# 
gneiss ji is described in the register as "granitic gneiss oq which 


'tdk of Kabtsiwr. 


tbe trappoid rock rests with pesfscdy 1 sharp 


junction,” 
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i&toarst ^granite with no trace of foliaUfcn, this being 
potent only in the field. Strain phenomena are, however, i 
the microscopic section. The rock hat the composition aHF an 
nary biotite-granite. It consists of quartz, orthoclaae, 
biotite and sphene. All the minerals are perfectly allotriomor 
The quartz shows not only strain shadows, but even the initial st 
of mosaic formation. The orthoclaae shows microclinic structured 
The felspars are largely altered to saussurite and epidote. 

The minerals of such a rock are sufficiently characteristic to 
be recognised in a fragmentary condition in a microscope section 
of the overlying rock, if it were true that this is an arkose made up of 
tbetr dihris . Far from its being sedimentary, however, it appears 
m the microscopic sections of both the specimens If and T ^, as a 
rock so thoroughly crystalline, that it can only be regarded as an 
intrusive rock, for it is doubtful whether rhyolitic lavas tan ever 
be so completely holocrystalline. 

In the hand-specimen the rock is whitish-grey with a greenish 
... -_. r - tinge, and the crowded porphyritic crystals give 

it a granitoid appearance. One of the 8pe<& 
mens, -rfo, when examined microscopically, appears most remarkably 
crystalline. The large porphyritic constituents, usually quite idio* 
morphic, are plagioclase felspar in crystals that are admirably zoned 
when seen in polarised light, and biotite in hexagonal prisms. These 
lit in a groundmass of plagioclase, orthoclase, and quarts, all of 
which are locally idiomorphic, while elsewhere the structure is micro- 
gralritic. Lastly, the remaining interstices between the grains of this 
growth of smaller crystals are occupied by micropegmatite. The 
felspars are sometimes altered with formation of epidote, otherwise 
they are perfectly clear and transparent. 

The week it therefore totally unlike the under-Iytogffheiss, while 
all .its constituent minerals are identical with those observed 0 jtfc# 
tlt&ppolda,* with this difference that the structure is tt 
Ighhcpi instead of being partly clastic. The only mineral not seehj 
|bj$js stetiV^^sdthoHgh so common ia the “trappoid s,” is the P°F 

(tot 
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^dartt ; but the next rock fro# the sane exposure yf, shows it fenabamt* 
Wee. la this cock tbe porphyritie constitoents ore plsgiocUsc, or* 
tb o cl sse, quarts, and biotke. Tbe quarts Is corroded to suck an extend 
by tbe magma that all crystal outline ia obliterated* Tbe felspars are 
quite fdiomacphic, ahbcugb they have been also slightly corroded, 
particularly the orthodases. Tbe plagioclase shows beautiful zoning, 
while the orthodase exhibits obscurely the initial stage of tbe micro* 
dine condition. As in ^ the felspars are partly altered with pro* 
duction of eprdote, and this mineral, together with chlorite, has also 
resulted from the alteration of thebiotites. Tbe once molten «u|p»» 
is entirely crystallised, the structure being spherulidc, or rather 
pseudo-spherulitic, for the spherulites consist of qoartz and felspar, 
fn many rhyolites, although this composite structure of the sphe ro- 
utes is very probable, yet it cannot be ascertained beyond doubt 
on account of the minute dimension of their fibres. In tbe present 
case it is indicated by the great irregularity of the dark cross which 
they exhibit in polarised light ; aad it » definitely established by 
examining them with the highest power of the microscope, for it is 
then observed that the structure is an exceedingly minute micro* 
graphic eue ; so minute as to be just upon tbe limits of visibility, yet 
perfectly distinct. 

The groundmaa* c£ ffa is therefore com p a r abl e to that of 
bek g only on a very much move minute scale, and it is probable that 
a detailed study ef tbe Kalopahas outcrop would bring to light a com* 
plete series of gradations. 

Similar rocks exist hi the neighbourhood of Jopla (Lat. aq® 3*', 
Rbck* »«*r hpfc, toi- Loug. 84* 4'). This is how Ml ItecHicottde* 
toMbx Mr. MxUc u tt, scribes tbe occur reoce: “ A mote extensive patch 

of tbe same rock occurs at the very edge of the cryatalfiae area South* 
fig* of fa#, aad iu the little detached hill of Aliunegfir. Here 
adjjiuT varieties of granitoid aad goeisaose sock aw dearly overbad 
kpdittceeat forma sf the derivative stratified codes, both %ompact*nd 
ysewdweryrtriKnSb” The cotlectiea contains a specimen of this tdch 
^Ho.***} labelled Usppeid rock resting on the demngpeias «f_ 

l *#« ) 
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'ftjMeggWr jaet as nt Katapator . w Haro again mteraw cc g fc ;f*arate 
Mtm iMn.it ta be not a derivative ndc, but a» igne ou s recjksirtrilaf 
to those already droeribed. Bate tbe microscope it ros e rokf e s fanp| 
the mare perfectly crystalline rock It consists of porjpkyrffie tw 

idioasmrphic plagtochnes, bibtitea, and hornblendes, hi a mlengrMm 
and micrographic grown dm a« ft quarts and felspar very simfiar t* tilt 
of yh only on a much mailer scale? it is therefore somewhat HKW* 
mediate in character between and yfj. Although the two fade* 
xly and xfa do not possess any largo porphyritic crystal* of quarts 
like » the caae of T | v , yet that mineral is present in sacb abundance 
in the base that it probably exists in the same proportion m all three 
sp e cim ens. Considering that the two more highly crystalline varieties 
must have taken longer to solidify, it might be ’suggested that 
the absence of porphyritic quarts is due to its complete* solution bf 
the magma, tor the crystals are already corroded to a great extent 
in the less perfectly crystalline rode yfa whose magma mast have 
solidified mace rapidly. 

The accounts given of tbe manner in which alt these rocks occur 
certainly give the impression that thongh they are not true beds of 
larva, they are probably intrusive sheets. In any case they are vastly 
newer than the mere interne phase of foliation of the region, for 
these signs of dynamiometamorphism se conspicuous in the granitic 
gneiss are absent from the overlying felsiters, or only very weakly 
exhibited, and belong to the same order of disturbance as that 
generally seen in tbe Viordhyans. The complete similarity of their 
n hj rth with these of the Vindhyaa tuffs makes it very probable 
that rimy ire genetically related, and we have hero, in fact, one el 
the vefaamc foci from which these reeks were derived in such ahead* 


knee. 

Phuffy therein one mere exposure where the connect i on of these 

ttwta by welt# "*** «riH«k*y stratified porcetlaMfos * 

;**r. Msdteott *t n»Jm- is beyond doubt. It is in this same neighbour*. 

Wr V hand*. at Nrtriaaga* (Lot. *4“ 36*. Long. Stf * 

«**% Ihb M e d Hc aii describe* it in the fallowing terms : “ My next , 
R 4 (103 $ n ‘ * 
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fcjy^sswork brought me to fee little hills close to Ma bbito u gfrft f? 
iipded to find quartzite such as protrudes from the alluvium to the. 
East and which shows again at Jupla to the West, ft proved, bow* 
ever, to be a massive rock cloflely akin if not identical with the trap* 
paid variety of Kalapahar, and intimately associated with sharpiy 
bedded Sane racks of the felspathk type ; the coarse tiappoid rock 
shows massively in two small bosses near the end of the low. ridge on 
the South ; the sharply bedded rocks of tbe ridge have a low nndulai* 
iqg dip to North-North* West ; among them are thicker beds of coarser 
variety and showing evident affinities to the massive rock, which I 
suspect only the outcrop of a very thick bed.” It is possible that the 
tfiidc bed to the south is a real lava-flow, while those interbed ded 
with the porcellanites might he tuffs. But the connection between the 
two is beyond doubt Originally tbe rocks were represented in the 
collection by two specimens, ^ described as “ coarse variety of trap- 
poid from Nobbeenuggur,” and ^ labelled “ditto is seen well in- 
terstratified with finely-bedded rocks, S. of Kokha. Presumably *4* 
is the rock from tbe more massive exposure. It is unfortunate that 
the specimen ^ baa been lost, as it would have been otherwise falter* 

, eating to compare the two, but T £g is a typical lava. It baa in tbe 
band-specimen the appearanc^of a coarsely porphyrhic rhyolite. 
The matrix is partly pale-coloured and resembling that of the ordin- 
ary “ trappoids,” while elsewhere irregular veins or branches of 
black obspdian run through it, containing large poiphyritic felspars aa 
'much as one centimetre in diameter and porpbyritic quartz. 

Under the microscope the rock in seen to consist of idiomorphic 
or fragmentary crystals of quartz, orthoclase, and plagioclase, show* 
iqg the usual phenomena of corrosion, principally fai the case of 1$$ 
quarts- The groundmass it crypto-crystalline and shows conspi- 
coons flow-structure. Both the crystals and gro undm ass are ; ideo&> 
titffai, character with the fragments constituting lhe “touppildsf 
sind * porcellamtes.” 


Ve may now safely conclude that the 

and Japla is in the nei 
principal foci 


feevi. ; 
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Ijfliflliiit nr tot similar foci are so situated with mpect Hr i 
tioe bf tHe overiyieg strata that they may come to toe di s tf O vWr edl 
further investigation, yet the identification of one igneOea 
add volcanic rocks of lower Vindhyan age is sufficient to 
the only difficulty which, in the absence of any apch re 
future, did still subsist in realising the true nature of the VindhfaO 
tuns. 

<As a consequence of this identification, the gradations which have 

_ .. . been observed between the " trappoids ” and 

vMHpoiitfi type*. j * 

41 porcellamtes an the one hand, and on the 
other hand such rocks as limestones y shales, or sandstones, receive 
aa eas^texplanation, (or as the deposition of these tuffs did not neces- 
sarily interrupt the purely aqueous sedimentation which was simul- 
taneously progressing, it follows that when. the proportion of volcanic 
material became smaller, intermediate types of rocks were formed. 
Moreover, some of the eruptions may have taken place partly on 
land, and denudation would at once act upon the lavas and loo»0 
scoriae whose fragments would be mingled with the quartz-grains cf 
sandstones, or, according to their size, with the smaller fragment* 
constituting finer sediments. 

Porcellanites not quite so typical in character as those fanning 
the bulk t>f the 11 porcellanic stage ” are frequently met with in tfcg 
division No. I of the lower Vindhyans. The reason far this may hr $ 
that the porcellanic stage represents the period of maximum activity? 
during which an enormous quantity of igneous fragments w was nl* 
lowed to accumulate so quickly as to form sediments consisting entirely* 
or nearly so of volcanic materials. On the other hand, during tilt 
spore scattered eruptions of the earlier Vindhyan stages Jthe amount 
4flf ejectamenta may not have been so considerable as to generally 
give rise tobeda formed exclusively of such materials. This Mould 
account for the more shaly appearance of so many of those earBnr 
djrpes, 

The>rock d& which resembles both the porcellanites nod 
tivdMjratn m. pm Pdids contains a large admixture of 
canic material. It occurs amongst the 

c 






|f GEOLOGV Of TO* SOM VMSflV, BTC. 

the Garbaudh outlier, belonging to tbe dtvMoir Ms. r ef the 
Hp» Vtndbyans, and containing a large proportion of "trappoid** 
Itod H porceUanites." h the hand-specimen it him Irregula r a ep c et 
resembling the porceUanites at one plaee, while h other port ion* 
the admixture ed included fragments gives it the appearance efthe 
<*«rappoids, ,k while lastly seme parts are so qnartziffe as to tefenf 
We a taffaceous sandstone, all these changes taking place in the apace 
Of a tew i aches. Under the microscope the tnffaceons nature “of 
the rock seems evident from the extreme irregularity in sise and 
frequent angularity of the fragments. The presence of numerous 
fragments of a rbyoKtrcgroundmass shows moreover that generally the 
component fragments are to a large extent volcanic. At iflPfcatne 
tone, there are other fragments undoubtedly derived from the gneiss, 
sack as pieces of granulated mosaic quartz and fragments of town* 
ineKae. This rock therefore may be regarded as a passage type 
between tuffaceous and true aqueous sediments. S e con d ary deposi- 
tion of quarts, which is the cause of the compact nature of the porcelta- 
mteu and trappoids, is rendered extremely conspicuous in this rock 
ad in the one next to be described 1 owing to secondary growth of 
the larger quartz-grains. 

■fa which occurs a short distance from the rock just described, 
|p a light-grey compact sandstone, so felspathic that under the fofkt> 
si weathering k becomes covered with a decomposition crust 
very similar to that which forma upon the u trappoids.*' It atsu 
possesses tbs sob-coachoidal fracture of these reeks. It consists of 
qnsstr, orthociase, and rhyolite fragments, but tbe microscop i c 
sh w cta s e is qoke different from that presented by the " tra ppeicfc." 
'It Is a true sandstone of regular structure in winch alt the grains SAC 
of sensibly the same dimension. They era all wed rsasM and the 
quad* is largely 'mb excess of the grains of felspar aadT rhyoKte. it 
hr probable toat a huge pardon of the quartz and perhaps UK ths 
felspar ndy lie Volcanic in origin, but the fragments have been earn* 
piehriy redistributed by a process of true sedimentation, The com* 

1 ... pact nature el the rock la due to coaahfi mh iu 

tomato pifflUtonre. gacaB i M y aiu^fication. The grains of quarts 
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tit praeat secondary enlargement, by means ol whichthek WMUfW* 
mint is completely loci in polarised light when the rock appear* to 
be composed of closely interlocking polyhedral grains Tltyjt 
secondary growth even extends through many of the original 
of rhyolite, which, in polarised light, appear as cloudy patches t hr ough 
a continuo us area of quartz. Many of these grains may have been 
originally vitreous, and, as already suggested, it is ptobaby front 
them that Use silica has been largely dissolved and re crystallised* 
The same action taking place right through the minute particles of 
the ** porcellanites " and of the groundmass of the “trappeuds” 
would account for their extreme compactness and their concboidal 
fracture. 

In addition to these volcanic strata, the division No. I contains 
also porcellanoid rocks which are of a totally 
different nature and consist of chert or jasper. 
Such are the siliceous bands and segregations that frequently occur 
to the limestones (specimen ^4) and allied rocks occasionally 
interstratified with the shales (specimens -fcfa and Even here 

the silica may have been deposited by thermal waters connected 
with the volcanic centres, butths structure is not that of a fragmentary 
tuff. However much the rocks may resemble “ porcellanites ” in the 
hand-specimen, the sections show nothing but a perfectly regular 
fine-grained mass of quartz or chalcedony, 

1st conclusion it may be said that the “ trappoids M and u por- 
«, ||||| T cellanites” that form a large proportion of t|$ 

lower Vindhyan strata and whose true natfHPje 
has remained for a long time an undecided question, are rhyolitic tuffs 
of varying coarseness. In one locality, between Japla and Kutumblb, 
lelsites and true lavas have been found, which indicate the prorijaity 
of a centre of eruption. These lavas occur at the base of the series 
and in other regions tuffs occur at all stages of the division No* 1, 
generally resembling those that form the bulk of the u porcellanic * 
•tfge* Porcellanic beds of a few feet in thickness also occur here 
**d tSerefeabove thq main porcellanic horizon, throughout the Kheinju* 
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L It may be concluded from this distribution that an eaten* 
aeries of acid eruptions began simultaneously with, or Just 
' before the commencement of, the Yindhyan era. At tbe time of 
maximum activity, showers of fine volcanic dust together with 
coarser iAris were ejected in enormous quantity giving rise to the 
tuffs forming the " poscellanic stage The beds occasionally found 
at higher horizons may represent stray eruptions belonging tot 
period of declining activity. The eruptions were confined to the 
region occupied by tbe Son outcrop and adjoining districts, for it 
ap pe a r s that the " trappoid beds ” do not reappear in Bnndelkband 
{liem., VoL VII, page 45). By far the greatest majority of the speci- 
mens indicate subaqueous conditions. It is not inconceivable that 
acid lava-flows emerging from subaqueous volcanic vents would, on 
coming in contact with the oceanic water, become superficially so 
rapidly cooled as to reduce them to a fragmentary condition by 
irregular, violent and sudden contraction of the molten glass. . In 
this way, the true tuffs— that is those ejected in a fragmentary state 
by explosive action— would be augmented considerably by such 
disintegration of the materials which actually appeared at the vol- 
canic outlet in the form of ordinary acid lava. This suggestion 
ppsribly accounts for the fact that the fragmentary materials in these 
beds so greatly exceed the true lavas in quantity, and in fact are the 
predominating variety of the volcanic products. The rearrangement 
of silica In the rocks which has given them their porcetlanic character, 
is A feature which might well be expected to be accentuated in vol- 
canic rocks of subaqueous origin. Such conditions of formation are 
tegunUy favourable to the rapid chemical action of water on tbe 
'unstable volcanic glass. 
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Chapter vi.-country ^Itween the son anj&The 

BANAS. («. D. Oldham.) 

The area lying within the bend of the Son, where it tame friMffi 
n northerly to an easterly course, after receiving the Mahaa*di» la 
occupied principally by lower Vindhyan rocks. These are dmvs 
into an anticlinal fold to the north, and ft synclinal to the south, the 
two areas being separated by a fault. 

The bed of the Son, from the junction of the Mahanadi to where 

SaeUMto fheSon ** turns southwards towards Marai, is occupied 
by a band of limestone which shows up very 
conspicuously at the junction and at intervals on the banka down 
stream. Southwards from this, along the Son, a series of shales and 
sandstones are seen underlying the limestone just referred to. 
They strike at first to N.-N.-W. and afterwards to S.-S.-E. and the 
lime-stone band seen at the junction of the Mahanadi is seen once 
more. It can be traced for only a short distance east of the Son, being 
cut out by the fault which brings up the beds of the porcellanite stage. 

The fault is marked in the Son by a very sudden change of dipy 
the 30° dip to S.-S-.E. of the limestone giving way to a vertical dip 
in the beds of the porcellanite stage. This vertical dip soon bendl 
over to horizontal and then to S.-S.-E. again, the beds forming 41 
open synclinal in whose centre the limestone of the Mahanadi fora^t 
a broad exposure. The porcellanite stage re-appears south of Rftflfa 
garb and beyond them come the basal sandstone, which, wheq seen 9c 
the bank of the Son, are thin, finegrained, and difficult to dieti* 
guish from some of the quartzites of the transitions. > 

To the east of the Son the two outcrops of the porcellanite Mjmgt 
Vhm vwhyaa wt * re joined in the manner shown in the ^ 
of t)M Son. In this area the rocks ol^his stage are full oi 

fragments of felspar and quartz, giving them a very porphyritk 
appearance, hut they ere still well bedded and intOrstratified wfffi 
shales. Itt the bed of the Son one bed of thd northern 
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it specially porphyritic, forma a small waterfall, and on the 
edge of the bed it is seeg to have aa obtcere oolamnar 


The basemeot beds, traced to the east from the Son, thicken 
e—sidswMy and none damn eo m p icn e us ridge, which iswtcmwpted 
hy an nViyi* inft ah set a aa9e east of the Sen, and the gap no 
loaned has hone utilised by a small tributary of the Son. Bast* 
aamflanf tide gapthe sandstones thicken and the ridge tncaeaaes la 
J ndg jh t till it runs into the hills west of Tikfaua ; here it lanes the 
nort h ern flank of the Mil* and is apparently cut off by a f adit. It 
is fey no means certain that the rocks of this horizon ace not 
re pr es e n ted fa the southern and sooth-western portion of the area 
which has been included in the Khar arm outlier cl 13>e upper 
Vtadbyaos. 

Conglomerates are rare in this outcrop of the basement feeds. 
Some pebbly bands are seen at the base of -Ate section in the stream 
which flews down from Penrui, and in that which flows past hfargaife, 
where there ts a thickness of folly i,ooo feet exposed. 

To the -north of the basement sandstones there is only a narrow 
hand of shales near the Son, but in the plain east of Margarh the 
exposure broadens out very greatly. The area occupied indicates a 
great thickening and the few exposures seen have all tolerably high 
Bps, indicating a good deal of disturbance, but there is no indication 
id the existence of any rock belonging to one of the higher stages. 

North, of the line of fault there is a broad open anticlinal of beds 
belonging to the lower part of the Kheinjua stage, whose axis runs 
from one to two mites south of the Son. The rocks exposed consist 
ipf st al es and sandstones, the latter frequently ripple-marked and, 
v/here tolerably pure, indurated into quartzites, 

The neighbourhood of Marai proved more difficult to map than 
o ( other part of the area surveyed, #nd its 

*' *rfini interpretation still remains doubtful dfe regards 

some points. To the north-east of Marai the basement beds el tte 
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lew* ten » T«y cw^tete Mige tefe fo r «»* M 

i mMli w o n i nd i This ridge te n awte on tb bank of the jWdlfri&Ml 
Kutoritt in a sharply folded anticlinal whose axis *dips to the 
-weatj the sandstones am again beat op by a synclinal and Mm 
ooetianes, arith a steady decreasing importance ceawiftet iD^ 
decreasing thickness of the head beds, tin k is crossed by tbeOtoetjln 
which Mews past Marti, Beyond this the sandstone can be Site d 
with difficulty through low jungle-covered faitis where it lewis Mb 
defined surface feature, and is altered almost beyond recognition by 
weathering. It appears to bend round, much ae shown ia the map, 
and end up against the great fault which had been traced from the 
Son. 

Above basement sandstones cone fine-grained greenish shales 
overlaid by a thick band of limestone, at the base of the poseedanato 
stage. These horizons can be traced with ease on the San rite 
near Narwar, and is the bed of the Son at that village the luneston© 
and porcdlanates are seen bending round from n north-westerly to a 
southerly dip, the outcrops of the hard hands forming a series of 
curved barriers across the river bed. To the south of this Son no 
exposure of the porcellaaite stage could be found, hut in the bed of 
the stream flowing west of Ghuara, the limestone is exposed. - The 
country here is deeply covered by river deposits and no exposures arts 
ase«t hut the most probable explanation is that tbe outcrop of these 
hard beds is cut off by a fault. » 

The fault which bad hern traced fosm the Son forms 0m northern 
boundary of an outcrop of the red shale series 
western extremity runs under the ac*#* 
Of the Kharaca outflow from belpw which the beds issue with* 
•early vertical dip. The northern boundary of lids outcrop is a 
n atu r a l one, the basement beds being represented by a thnt 
sandstone. TJ»e northern boundary is formed by the fault refer red 
im for about five' miles ; beyond this the northern botmdaiy is a 
stesral te» *be basement beds being seen, where not bidden by 
suffer deposit -to ‘the neighbourhood of the Samdin. 
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The transitions near Marai are profusely v^jned with gnetssost 
granite throughout the low ground, these grow 
.mm.... * more abundant towards the granite outcrop of 

the Sitkuri plain, the boundary between the transitions and crystal* 
lines being very indefinite. In the hills west of Shahargar no intro* 
sions were found, a fact which suggests that the existence of these 
hills is due to the greater resistance of the rocks of which they are 
composed, as compared with those of the low ground which have been 
penetrated by veins of the felspathic readily decomposable granite. 

Further to the east, near the Savndin and north of the red shale 
outcrop, the transitions are represented by green hornblendic 
schists, and some bands of jaspideous quartzites. 

South of the outcrop of the red shale series the transitions are 
free from granitic intrusion. There are banded quartzites of the 
Bijawar type between which and the scarp of the Kharara hill are 
phyllites and slaty beds, some of which are red in colour. 

Within the transition area a conspicuous scarped hill is rising 
Doubtful exposure near over, and to the east of the village of Shahar- 

Sbabargmr. gar is capped by a hard conglomeratic quart- 

zite. It is an isolated exposure in a very much disturbed region, and 
there is nothing to show which of the horizons, at which similar rocks 
are found, it belongs to. 

The Kharara outlier of upper Vindhyan rocks forms an elevated 
The Kharara outlier of range of hills more or less plateau-like on its 

upper Viqpyans. S ummit 9 which has a length of about 12 miles 

and a breadth of from 1 to 4 miles, bounded for the greater part by 
prominent scarps. It derives its name from the village of Kharara 
situated about the centre of the broadest part of the outlier, but not 
0g it happens, on the upper Vindhyan outcrop. This village has 
given its name to the Kharara station of the Great Trigonometrical 
Survey, situated on the highest peak of the range, on a hill which Is 
locally known as Dubhiabar. 

The Dubhiabar hill is composed of nearly horizontally bedded 
sandstones, resting on highly inclined schistose slates, the bottom 
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red- sandstone full of fragments of the 
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AbOve these come red coloured conglomeratic 
capped by red sandstone without pebbles. 

<$OUth of Kharara village the pebbly sandstones overlie the ttanJ 
ition rocks with a south-easterly dip of 3*0° to 35 0 , and about' 1 
mile and a quarter beyond are cut off by a fault which, for some 84 ^ 
miles, forms the boundary of the upper Vindbyans. Where this 
boundary traverses the high ground north-east of Pansrer (Pansra) 
it is welt marked by the vegetation. The Vindhyan rocks bear the 
usual scattered vegetation and thorny trees of the well drained hiM 
tops, while the transitions, better adapted to retain moisture, are 
covered with a thick ground of Sdl trees which extend right to the 
boundary and rise along it in many cases as abruptly as if they were 
an artificial plantation. 

South of Barhata the scarp of the outlier is composed of a 
white quartzitic sandstone, containing small fragments of white 
quarts and felspar, the latter generally decomposed. Similar beds 
are seen to north and west of the village, but in the latter direction 
they are overlaid by red sandstone with jasper pebbles, 

Aorthof this village is a very instructive section. To the south- 
k of Kunmou the white quartzitic base- 
Socfaoa north ot BtrUU. b e <3 s of the lower Vindbyans form a range 

of hills, behind which cothes broken ground occupied by the fed 
shales, and these again gm way apparently by a fault to. pbylHtes 
of the transitions. Grossing these we come to a coarse conglo- 
merate, containing many' ill-rounded fragments of red jasper 
numerous white quarts pebbles of 6 inches and more in diameter^ 
besides darker coloured Jv less conspicuous fragments jof qaartihkj' 
the whole being cemented by a matrix of dark red sandstone. 
These , conglomerates, which have a maximum thickness at about 
•50 to goo feet, form a prominent peak on the western water-shed 
of the stream which flows northwards from Barhata. They are oven* 
laid by an accumulation of angular fragments of slate and phyllito, 
of th< seme character as the transition rocks of the immeti«AtU 
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p^|tb ourhood. This breccia consists of a mass of ^ 

^pepts of slate, often almost or quite free from finer-grained raatfu 
and so closely packed that, where the surface is covered eiti 
vegetation, the imperfect exposures might easily be taken for 
fthm slates. Through this breccia, which is principally compojm) C 
small fragments of a few inches across, are scattered blocks of wW$ 
yein quarts, running to a foot hi diameter and only rounded to a sma , 
extent on tbe angles. 

Ascending the section which is shown in Fig. 7 the breccia 
becomes more and more mixed with sand and finally passes ioto the 
hard, white, quartzitic sandstones of the Barhata plateau, by which 
it is overlaid. The thickness of the beds between the coarse con- 
glomerate and the white sandstone is about 700 feet on this section. 




Section north-west of Barhata. T , transition; R, red shale series; VS, 

Stage ; Vf B porcellanite stage of lower Viodhyans ; Vu, upper Viadhyeae. 

Scale 2 in.— 1 mile. 

ced in either direction the coarse-grained bed. rapidly thin 
more rapidly to the south-west than t<j,the north-east. The 
lglomerate does not extend for more than quarter of a 
:dile, the Aeccia thins out and disappears at about three-quarters of 
a. mile tp the north-east and half a mile to the s o trilb- we *t of the 
section in the valley, and beyond this the white sandstones are In 
direct contact with the older rocks. A section drawn along thd 
JhfHri fce, and at right angles to that shown in Fig. 7, would consequently 
something like Fig. 8 . 1 



«*•*. *d*hn %t ri*ht antfe* to Fig. 7. Scale and lettering n beW • 
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:ThCh»tory 0 f deposition indicated by this section ^ 

land surface traversed by a valley of | ffi 
. As <M had surface. depth, on whose bottom a stream Of torre 11 

hate re formed a deposit of coarse conglomerate. Then by a chfi 
Of level Or of the volume of the stream the conditions of dapotitidlti 
Changed and the valley became fillec^y a fan of local d/Srit, ! 

itt its turn gave way to, and was covered by, a widespread deposit H 
sand under which the original irregularities of the surface ' WCfe r 
covered up. 

A short way further east of this section conglomerates are I&rgely 
developed in the section along the stream which flows down frodt 
tile Kharara village and descends to a low level. It is possible th&£ 

there may be another old valley here, but the fan deposits art 

> y 

wanting, and it was not possible to determine whether the descent' 
of the boundary was not due to disturbance. ^ 

The eastern termination of the outlier is composed aima$£ 
entirely of white sandstone, frequently contain* 

Eastern end of outlier . 1 , t f |tl 4 * 

ing numerous small fragments of white 
quartz, and usually more or less felspathic, or at times containing 
distinct grains of felspar. West of Sejari, the lowest beds seen in ftlgr 
scarp contain numerous boulders as large as a man’s head, many < 
being of bright-vermilion coloured jasper. The rock is very lit^ 
tome of the basement beds of the lower Vindbyan9 as seen abobf^ 
fito mites to g^ie north-west. There can be no question of 
identity of the two, however, for it iqgpt at this point that the 
Jbe Kharara outlier are found resting in absolute unconformity^ 
■Ap w eroded edges of upturned strata of lower Vindlgyaff 
C* Fig. 9), 
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To the north-west of the Barhatola the white quartxitic sand- 
stones again contain a rock very similar to one that is found among 
the basement beds of the lower Vindhyans in the exposure to the 
north. It is a very peculiar rock, composed of white quarts 
reticulated through a ferruginous*argillaceous matrix, which weathers 
into a vesicular quartz rock^y the disappearance of the other 
constituent. 

A group of small outliers m the comparatively low ground near 
Bholahra may be conveniently noticed here. 

Smaller outliers. They are of small size and being exposed at 

a low le\el where there is not the free drainage, which the main 
exposure has on account of its greater elevation, they are not 
surrounded by scarps, but form low hills covered with a deep layer of 
loose gravel. 

One more outlier may be mentioned here, which caps the hills 
east of the Samdin and north of Sejan. It contains some coarse 
conglomerate, and at its western extremity 1 found the only boulder 
of crystalline gneiss which 1 have seen in these beds. 

In the Kharara valley and to the south of Pansrer the transitions 

Tranntions of the Sam- consist of phyllites and quartzites with nu- 
din valley. merous small outcrops of an intrusive diorite, of 

which some larger exposures are seen near the villages of Bhanni- 
Bhowraha (Bhaoraha), and east of Garu. To the north of these 
intrusions is a band of volcanic rocks, extending tg the northern 
boundary of the transitions. Ashes and amygdaloidal lavas are 
easily recognizable in spite of the alteration they have undergone! 
by which most of the beds have been transformed into a more or 
less hornblendic green-coloured schistose rock, while other beds 
have been largely converted into epidote. 

North of Beori is a range of scarped, craggy hills, especially 
conspicuous when seen from the north, which run north-eastwards 
from the neighbourhood of Ghara. On the north they are in contact 
with felspathic quartzites which have decomposed to a soft kaolin 

rock, and to the south are decomposed quartzose beds, some white, 

( 116 ) 



BETWEEN THE SON AND THE BANAS. 


lit 


others bright red. In the centre of these soft rocks is the band of 
hard massive quartzites which forms the line of crags. 

A similar quartzite, associated with similar rocks, is seen west of 
Tikhua, and is very probably ot the same age. 

The upper Gondwanas south of the transition area do not 
require special notice. Their boundary runs for 
Upper Gondwana. some distance in a straight line before suffering 

a change of direction. It is clearly a fault, but observations made 
further east, and off the map, show that this fault was in all prob. 
ability contemporaneous with, or anterior to, the deposition of 
the upper Gondwana shales and sandstones. The present boundary 
is, consequently, in the main one of original deposition and not due 
to removal of the upheaved portion of a once more extensive deposit. 

In one place, east of Tikhua, the boundary overlaps this fault line 
Outliers south of the f° r a short distance, and the beds north of the 
mam boundary. line differ i n character from those to the south. 

Instead of being clays and sandstones free from pebbles, we have 
conglomerates containing numerous pebbles, some of red jasper and 
others of a conglomerate containing red jasper fragments, which 
have evidently been derived from the upper Vindhyan beds seen 
to the north. 

South of Bhanni is a small outlier of upper Gondwanas, exposed 
in a stream-bed, and near Pipreri village soft, weathered white clay 
Spotted with reddish patches is exposed in a swampy hollow which 
may not improbably be an outlier of upper Gondwana rocks. In 
neither case were the boundaries traceable. 

At the eastern end of the Kharara plateau, lower Vindhyan 
beds appear from under the scarp. In the 
bed of the Samdin the basement bed * has 
a vertical dip and is composed of a breccia of fragments of banded 
ferruginous quartzites exactly similar to the rock with which it 
Is in immediate contact. This breccia is overlaid by a sandstone 
with pebbles, the thickness of the two being not more than 20 
feet* Above the sandstone come about 200 feet of fine-grained 

( li 7 ) 
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shales and above them the porcellanite stage. As seen in 

the bed of the Samdin these rocks were not immediately recognised, 

toeing softer than usual with a larger proportion of green-coloured 

beds and an intermixture of rrd shales. A short way to the eastj 

Y \ ri lt , * xk cks into the normal type of the stage. 

The porcellanites are overlaid by shales and sandstones, the 

highest beds seen being puiple sandstone, slightly calcareous with 

ophitic calcite crystals of about one-eighth inch and occasionally 

one-quarter inch diameter, whose cleavage faces show as glistening 

patches on the fractured surface of the rock. 

The northern limit of the lower Vindhjans is a fault which brings 

in transition schists, followed immediately by the basement bed of the 

red shale series overlaid by the beds of this series, forming the 

continuation of the outcrop which has been traced from the 

neighbourhood of Marai. Where the buttom quartzite of this series 

crosses the Samdin it takes a sudden bend to the north, the 

quartzite having a northerly strike in the stream-bed. The line of 

outcrop on the east of the Samdin is some 300 yards to the north of 

the outcrop on the west, and the same displacement has occurred in 

the fault bounding the lower Vindhyans. 

The northern boundary of the red shales is a fault, beyond 

which the transition quartzites and phyllites 
Red shale series. . v 

continue to the boundary of the great expanse 

of crystalline gneiss and granite in the Son. 


East of the Samdin the termination of the Marai exposure of the 
re<J shale series takes the form of a number of isolated patches of the 
basal conglomerate, sometimes associated with the overlying 
red shales. These patches form low elongated ridges striking about 
north-east by east, the dip being to the north-west. The structure 
here is very complicated and could not be worked out in detail on 


the somewhat imperfect map available. On the quarter-inch map 
attached to this report the delineation has necessarily been purely 


diagrammatical. 
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The chief features of the disturbance of this tract appear to be a 
series of strike faults running about north-east by east with upthrow 
to the north-west, crossed by other faults running about east and 
wes^ whose upthrow is indifferently on the north or south. This 
band of faulting probably extends into the transition area, where it 
cannot be traced owing to want of contrast in the rocks. Over a 
limited area it is detected owing to the fact that fragments of the 
red shale series have been preserved, resting with a dip of 45 0 to 60® 
to north-west by north on an eroded surface of transition schists. 

The southern limit of this zone of complicated faulting is the 
great fault, with downthrow to the north. 

Lower Vmdhyan. . . , _ 

forming the northern boundary of the lower 

Vindhyan outlier whose exposure in the Samdin valley has just been 

described. 

East of the Samdin the uppermost beds of this outlier can be 
traced for about 3^ miles, when the outlier narrows to a width of 
about half a mile and the highest beds seen belong to the porcellanite 
stage. The basal conglomerate can be traced continuously along 
the southern margin of this outlier to the Banas. West of the 
Samdin, under the scarp of the upper Vindhyans, it consists of 
dirty, impure sandstones with scattered pebbles, overlaid by red 
sandstone and sandy shale. In the gorge of the Samdin its exposure 
has already been described. Traced eastwards it forms an incon- 
spicuous rise crossing the low ground in a north-easterly direction till 
it comes into contact with the basal conglomerate of the red shale 
series, the two combining to form a conspicuous ridge on the north* 
ern slope of which a contact section was seen showing the lower 
Vindhyan basal conglomerate resting unconformably on the sand- 
stone of the basal beds of the red shale series. 

Further north-east the lower Vindhyans are in contact with the 
red shales, and north of Nakni the conglomerate, which forms a 
conspicuous ridge, is very coarse, containing boulders a foot and 
more in diameter. Hence it is traceable to the Banas, but nowhere 
so coarse-grained as north of Nakni. 
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The red abate series, which is not seen in the Samdin, comes in 
a short distance to the east, the exposure broad* 
iMriiale Mric*> ening out rapidly, attaining a width of nearly 

mite near Nakni. The bottom conglomerate is cut out in places 

vy faults running nearly east and west, but east of the Nalcni stream 

t is continuous, attaining a considerable thickness and forming high 

>rominent hills about a couple of miles west of the Banas. 

The beds above the bottom conglomerate are of the normal type 

>C red and green shales. Near the Banas the uppermost beds seen 

ire greenish and schistose beds containing numerous grains of sand 

scattered through the argillaceous matrix. 

The crystalline rocks immediately south of the main exposure of 

the lower VindhyanB are very badly exposed. 
Crystalline rock. T 

Owing to the readiness with which they decom* 

pose they have formed an area of low ground surrounded^* the 

hills of the transitions on the south apd the ridge of lower ^ fljP BivSa 

basal conglomerate on the north. This low ground is deeffy covered 

with an accumulation of dust deposits and no exposures are seen/ 

except in the stream *beds. 

East of Chachai the junction of the granite and transition schists 
is seen in the bed of the Samdin, the gneissose granite forming 
strings and tongues penetrating the schists. Along the junction 
lines in some parts fragments of schist are included in the granite, 
and the foliation of the schists is better developed in the immediate' 
neighbourhood of the contact. At other parts the contact is abrupt 
and clean.cut, these being due to displacements to which the rock bits 
been subjected after the intrusion and solidification of the granite. 

In the bed of the Son the granite is freely exposed, and it is seen 
that the basic dykes which penetrate it cannot be traced continuously 
a for any distance, being cut off and displaced by dislocations of 1 the 
rock 
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Chapter V 1 1.— COUNTRY BETWEEN the BANAS and 
L pNG. 82° oo # E. 

(R. D. Oldham.) 

In the main area of the lower Vindhyans the bottom beds croid 
the Son just below the junction of the Band# 

Cower Vindliyan main area. . t _ _ , 4 m ± 

with the Son and extend eastwards for about 
20 miles forming a bold range of hills, to which the name Kheinjlt# 
is attached on some of the old maps. The eastern termination 
pt this range is cut off by an oblique fault running west by north f 
the outcrop is thrown about three miles northwards by this and 
another nearly parallel fault and then runs continuously to Long. 
8a°. Coincident with the faulting the thickness of the bottom 
sandstones lessens and north of the plain of Sidi it no longer 
forms a continuous ridge. 

The beds above the bottom quartzite attain their maximum 
extent near Samaria and Karowndia, this being principally due to 
repetition of outcrops by faulting and folding, but also to a 
greater development of the beds themselves. 

West of Samaria there ib a small outlier of tke crystallines 
surrounded, except for a short distance on the east where the 
boundary is faulted, by the bottom conglomerate of the lower 
Vindhyans, which is seen in some sections to be immediately 
overlaid by limestone. The bottom beds all round this inlier 
have much less thickness than in the main exposure to the south, and 
at the eastern end are so much reduced that the outcrops can only 
be traced with difficulty. Near Pori there is an exposure of a hard, 
grey, crystalline and somewhat siliceous limestone, veined wtt^h 
quarts, which weathers into a ferruginous quartz-breccia ; the 
occurrence of some quartzites of. an older look than those of the 
fowqjc Vindhyans at the eastern end of the inlier, and the fact t^at 
the exposure of the limestone just referred to lies inside &e 
run .of the boundary, suggests that it is transition, and that a 
email area of rocks of this age is exposed at the eastern end' of 
the inlier. 
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The porcellanite stage and the overlying beds south of the Son 
present no specially noteworthy peculiarities between the Banas 
and Long. 8a*. 

To the east of the Banas the outlier of lower Vindhyans and 

underlying red shale series can be traced for a 
Lower Viidhvao outlier. J 

distance of 26 miles, the outcrops of the two 

combined being never so much as a mile in width. Throughout the 

whole of this length the southern boundary is a natural one and the 

northern a fault with upthrow to the north, and as an outcrop of 

thU form indicates, the beds are everywhere vertical or nearly so, 

and very much sheared. 

The porcellanites of the lower Vindhyans are seen in the Banas 
but die out against the boundary fault at between two and three 
miles to the east. The bottom quartzite and shales associated with 
it can be traced to a little beyond Mata, forming a tolerably continu- 
ous ridge for the whole distance. 

The area occupied by the red shale series forms an open valley, 
bounded on one side by the ridge of lower 

Red shale senes. , ° 

Vindhyan bottom quartzite and on the other by a 
Series of hills having a more or less E.N.E. strike, composed partly of 
the transitions and partly of the bottom conglomerate of the red 
shale series. This last appears to vary very much in thickness, 
partly due to original variation of deposition, partly to subsequent 
disturbance. The bedding is always at high angles and the pebbles 
have been drawn out in the direction of dip, fractured and 
indented by the pressure of adjacent pebbles. As a result of these 
variations in thickness the conglomerate does not form a continuous 
ridge but a discontinuous line of hills, the coatings between them 
being covered up by recent deposits. 

About Sendhwa the beds above the bottom conglomerate consist 
of a green schistose rock, full of grains of quartz, which would not 
have been recognised as belonging to this series but for the 
continuity of outcrop. 

At the eastern extremity of the outcrop of the red shale series 
( 122 > 
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the boundary fault divides and the outcrop tails off in two tongues 
both bounded on the north by faults. 

Immediately north of the eastern termination of the outcrop 
Upper Vmdhyans : Pabia of the red shale series comes the second of the 
outlier. exposures of sandstone which have been re- 

garded as upper Vindhyan. The rock is of the same type as in the 
Kharara plateau and the exposure is limited on three sides by 
denudation only, the sandstones resting in unconformable contact 
on the transition schists or on the syenitic rocks intrusive in them. 
The southeriftboundary is a fault with a downthrow to the north. 

In the case of this outlier, and the smaller one close to the west 
of it, there is no direct proof of the age. About four miles to east* 
north-east there is a hill covered with a broad expanse and a con- 
siderable thickness of an exactly similar rock, which can there be 
shown to belong to the red shale series. In the case of the Pabia 
exposure it is, however, difficult to ascribe the sandstones to this age. 
Not only is the great difference in thickness between the sandstones 
of the Pabia hill and of the outlier of the red shale series immediately 
to the south against such a supposition, but the difference in degree 
of disturbance points to a difference in age. Besides the difference in 
degree of disturbance, there is the fact that the northern boundary 
of the narrow, intensely disturbed, outlier is a fault with an upthrow 
to the north, while the southern boundary of the broad area of 
moderately disturbed sandstones is a nearly parallel fault half a 
mile distant and with an upthrow to the south. It is probable 
that the Pabia sandstones originally extended further to the south 
and that the fault by which they are cut off was of later origin than 
the one which bounds the outcrops of the red shale series . 1 

The mapping of the transitions and crystallines in this region is 

Transition and almost exclusively due to Lala Kishen Sing. 

Crystalline rocks. The boundaries are of the same type as is found 

1 In his progress report on this area Mr. H. B. Medlicott wrote : “ 1 found large d/btit of 
trap on the top of Pabia, for which my observations of rock in situ do not afford an explantf^ 
tion.*’ 1 can confirm this in so far as the discovery of a single fragment of a dioritic rock and 
the absence of intrusions goes. The fragments seen by Mr. Medlicott and myself were 
probably carried up from the low ground, very possibly by men of the stone age, who appear 
to have found the tougt^hornblendic rocks of the transitions useful as hammer stones. 
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fclsewhere, and there do not appear to be any special features to be 
ndted. 


The Go nd wan a boundary takes a bend southwards, a short 
_ . way east of the Banas, and at the same time 

Goodvittiii 

becomes an ordinary boundary of unconform* 
able contact. Near Sureyha the boundary once more assumes a 


faulted form which it maintains nearly to the Gopat. Thence for 


some three or four miles its nature becomes doubtful once more, but 


before the 82° meridian is reached, it again assumes th^aulted form. 

About three miles west of Marhwas the upper Gondwanas cease 
and the rocks in contact with the crystallines belong to the Damudar 
series, till near the Gopat an outlier of the upper Gondwanas is again 
found in contact with the crystallines. 
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Chapter VIII.— COUNTRY NORTH OF THE SON 
BETWEEN LONG. 82° AND 82° 30' E. 

(R. D. Oldham.) 

In the main area of lower Vindhyans the lower stages of the 

Lower Vindhyan series are exposed with a somewhat compli- 
main area. cated structure, being thrown into numerous 

folds and cut by many faults. There are two inliers of gneiss in 
this area. 

The basement beds in the country north of Khaira were found 
by Mr. Grimes to be penetrated by quartz-veins which pass down- 
wards into the granite. These veins must, however, be of later date 
than the majority of the quartz-veins which are found in the crys- 
talline area and are in many places truncated by the surface of 
unconformable contact at the base of the lower Vindhyans. 

In this same area a conglomeratic band is found at the base of 
the porcellanite stage, the pebbles consisting of a green fine-grained 
rock, undistinguishable from similar beds which are found interstrati- 
fied in this stage. The great expanse of rocks of this stage to the 
south of Sahaol is partly accounted for by repetition through folding ; 
there can, however, be little doubt that north of latitude 24 0 30' 
Mr. Datta has included a greater thickness of strata in this stage than 
was done by Mr. Grimes and myself in the country to the south. 
There are very few exposures in the northern part of the area coloured 
as porcellanite, and the northern boundary is based on two isolated 
exposures in the Son, which may either be inliers of the rocks 
included, to the south, in the porcellanite stage, or more probably 
stray beds of a similar rock in the Kheinjuas. 

# At the eastern end of the area, along the 83° meridian, these 
beds have thinned out and at the same time become much less 
characteristic. 
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About Bardi the rocks of the Kheinjua stage occupy a consider- 
able area, and it may be well to correct a statement reproduced in 
Mr. Mallet's memoir 1 that the limestone No 7 as well as the beds 
above and below are missing at Bardi. There is certainly a limestone 
at Bardi, which might well be Mr. Mallet’s No. 7, if there were any 
constancy in a particular group of beds in this series, and there 
is a considerable section of shales and sandstones inter\ening between 
the shales with calcareous concretions and the beds of the por- 
cellanite stage which is given as follows by Mr Datta*:— 


Section A 7 , by U\ — S . by E by Ba?di 


(Descending order.) 


(<i) Argillaceous shales, dark grey to blackish, containing calcareous concretions, pass- 
ing down into a thm band of finely laminated light grey to whitish shale with 
crystals of quartz. Well seen on the left bank of the Son, north-west of Bpfdi. 
(ft) Blank. 7 

(c) Thin -bedded sandstone (with an occasional thick bed), with subordinate 

shales These are the beds on which bardi itself stands and are well OO 

the right bank of the Gopat here. ^ 

(d) Limestone with shales composed of an upper band of grey, yaffowish to pinkish 

limestone, thick bedded and cherty, succeeded by greenish argillaceous shales, 
and these being underlaid by a thinner bahd of rather impure limestone with 
intercalations of arenaceous layers. Well exposed on the right bank of the Soi* 
at 2\ miles W. by N. of Bardi, seen also on the Gopat just south-west of Bardi 
itself. 

(,) Shales, greenish (argillaceous as well as arenaceous), with thin-bedded sandstone. 
(/) Blank. 

Porcellanitcs. 


North of the outlier of lower Vindhyans comes the third of the 
Upper Vmdhyan outliers of upper Vindhyans, that of the Dad ri 


outlier. 


plateau. The age of the sandstones com- 
prising this outlier is not so definitely proved as in the case of the 
Kharara outlier, for they nowhere rest in unconformable contact on 


1 Mem , Geol. Surv. Ind., Vol. VII , p. 38. 

3 Rec., Geol Surv Ind , Vol. XXIX., p. 80. 
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lower Vindhyan rocks. The two, however, are exposed in close prox*- 
imity to each other in circumstances which preclude the idea of their 
being of the same age. 



Fig. 10. Section on south face of Dadri hill, west of Tarka. 
i t Transition ; 2, lower Vindhyan , 3, upper Vindhyan. 

About a mile to a mile and a half west of Tarka the bottom 
conglomerate of the lower Vindhyans is exposed with a dip to the 
southwards of about 20°, resting on transition quartzites of Bijawar 
type, which dip northwards at 6o°, or at nearly a right angle to the 
lower Vindhyans. The contact rock is an angular breccia of talus 
dSbrts. On the spurs the exposure of lower Vindhyans runs up the 
slope, and on some of the spurs the narrow gap between them and 
the edge of the sandstone of the plateau is so thickly covered with 
dibris of the latter that it would not be difficult to regard the two as 
continuous with each other. On other spurs, however, the gap 
between the two is comparatively clear of dibris and the bottom bed 
of the lower Vindhyans is exposed within 300 yards of the'sandstones 
of the plateau, the two contrasting in character most markedly. 

The lower Vindhyan basement beds consist of an angular breccia 
overlaid by pebbly sandstone, and this again by impure sandstones 
without pebbles. The rocks of the plateau have no basal breccia 
6uch as the contact rock of the lower Vindhyans. There is a much 
greater thickness of coarse-grained beds and the rock itself is whiter 
and cleaner, has a softer and more grating surface, and contains a 
larger number or pebbles, though of smaller size, than the neighbouring 
sandstone of lo#er Vindhyan age. The contrast is too great to allow 
©f the two being of the same age, and the comparatively moderate 
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-disturbance of the sandstones of the plateau is against their being 
ascribed to the red shale series. 

The mode of occurrence, induration and general appearance of 
these beds is so near those of the Kharara sandstones of the Kharara 
hill, that there would, on this ground alone, be good reason for 
attributing them to the same age. The rock is more uniformly a 
sandstone ; the lowest bed often contains many large imperfectly 
rounded pebbles of quartzite, but above this and over most of the 
surface of the hill the prevailing rock is a moderately fine-grained 
felspathic sandstone, somewhat micaceous, mostly white or nearly so, 
though not infrequently tinged with red and at times passing into a 
dull red sandstone. 

West-south-west of Dadri village there is a peculiarity in the 
boundary which is interesting as an indication of the nature and 
extent of the denudation which preceded the deposition of the sand- 
stones. North of Pokhra there is a long straight ridge of dark 
coloured Bijawar quartzite. This ridge is interrupted by a cross 
valley west of Jholukhor, but continues on the other side of the valley 
as a spur of the Dadri plateau. The sandstone is not, however, 
continuous across the top of this $pur, which rises as a lew ridge 
from the sandstones on either side, and runs east by north to within 
half a mile of Dadri. 

At the eastern end of this ridge there is a little faulting, the sur- 
face of the sandstones to the north lying about 30 feet below that of 
the same sandstones to the south, and this fault continues to be 
marked by a slight scarp even beyond the termination of the trans- 
ition outcrop. This fault is quite insufficient to account for file 
exposure of the Bijawar quartzites, and their presence is only expli- 
cable on the supposition that the older rocks had not only undergone 
practically all their present disturbance when the sandstones were 
deposited, but had also been exposed to extensive denudation of a 
nature which left the hard bands standing out as elevated ridges. 

About three miles north-east of the Pabia hill another outcrop ^ 

of the red shale series begins. The bottom 
Red shale aerie*. , , .... . it 

beds occupy a considerable area and Oh the 
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Ratrani hill their thickness has caused them to form a very con- 
spicuous exposure of a rock very similar to that of the Pabia hill. 

The red shales series lies in a synclinal, complicated by minor 
foldings, and after about six miles from the western extremity of the 
exposure are unconformably overlaid by the lower Vindhyans, which 
occupy the hollow of the same synclinal, but completely overstep the 
red shales on the north and rest in direct contact on the transition 


schists and quartzites. 

On the south the lower Vindhyans are in natural contact with the 


Lower Vindhyan 
outlier. 


red shale series, a narrow strip of which is cut 
off on the south by a fault which, for a short 


distance, cuts them out altogether and brings the lower Vindhyans 


into direct contact with the transitions. 


The basement beds of the lower Vindhyans only attain a small 
development in this outlier, but the form is noteworthy. Along the 
northern boundary the lowest bed is usually a breccia of angular 
fragments of the immediately contiguous transition rocks, a formation 
which only differs from the talus accumulations now being formed by 
its induration. In the neighbourhood of l arka this is overlaid by a 
rock with a very fine-grained siliceous matrix, through which are 
scattered angular fragments of transition quartzites ; it is, in fact, an 
indurated form o f a deposit which is common enough along the 
foot of hills, especially in a somewhat dry climate. 

Towards the Gopat and for about three miles to the east the 


northern boundary of the outlier is faulted, but beyond that once 
more becomes natural to the termination of the outcrop about two 
miles east of Harphari. The southern boundary is not seen where it 
crosses the Gopat, but south of Dol, where the basement bed of the 
lower Vindhyans re-appears from under the recent deposits, the 
boundary is one of unconformable contact with the red shale series. 
In the Mohan the basement beds are exposed twice over, being 
repeated by an oblique fault, and thence extend eastwards in contact 
with the red shale series till, at their terminations, the two outcrops 
run free of each other. 


K 
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The thickness of beds exposed below the long narrow oeteropot 
h oi the porcellanic stage b mack broader on the south than a* 
the north, a difference which is ia part due to a higher dipt and, 
near the Gaps*, to the northern boundary being faulted. Further west 
where the northern boundary is one of original contact, the exposures 
«e the southern half of the ayncliae are much more imperfect Hum, 
oa toe north, hat it is difficult to roust the impression that a greater 
thickness of beds are exposed. 

The basement beds of conglomerate aad sandstone are for toe 
,S»est part torn and do not form conspicuous topographical features, 
hat in the eastern part of the outlier there is a thick band of strong 
quartzite near the upper part of the shales below the porceliaaite 
stage, which forms a conspicuous ridge. Among these shales are 
some limestone bands, one of which is seen at the crossing of the 
Mohan between Dol and Rehi. 

The porcellanites present no feature of note. They are the' 
highest beds exposed and form a band of very broken ground, the 
low hills being traversed by numerous cross valleys, many still occu- 
pied by streams, while others an now dry owing to the streams they 
originally carried having been cut off by valleys cut back along the 
strike of the soft shales on either side. 

Another small outlier of lower Vindhyans is found south of the 
Mohan. It is separated on the north from the larger outlier by an 
anticlinal along whose axis the red shales are exposed. Only the 
coarse-grained basement beds are seen, which are more developed 
than in the principal outlier. They form a synclinal whose eastern 
end forms the hollow in which the plain of Khamaria die*, wtojto to 
,-west the axis rises and the conglomerates are found along the 
Oiest «f a ridge which rises south of the east-aad-we*t reaqhpf ton 
'.ffiipat The southern boundary of this outUer is wnsapl^wel ijSf Jl 
fltfcf .Which toe transition beds are brought up Into ctpfwMf rfto’ 
htoaf Vindhyans, except for a small patch of sod shales* 
*jMM»too a»r Which Is found between toe tow to VfriHd* ctoir 
I P»»«wto endtee transitions, to tlge sonto of Rafttto 
i > 



barytes. 


w ywm twmmm m* aps 

*W* Snlt has almostdiedoe* % «fce 

ku Mtmim ^ a e®M® Of toStt'l*'#!* efWf flvli 

* MM> river the bottom conglomerates^ the redidilp 

eerie* ere found, in original contact with the transition*, to-the 
Of the tine of fault In and east of the Mohan the red abate oohMR 
attains a width of nearly three miles. The shales are target^ 
developed and might almost be called slates as they are bard eaoogltto 
form rounded pebbles, which are extremely abundant in *11 too 
stream-beds within the area of the red shale outcrop. 

Among these shales Mr. Vredenburg found veins of baryte*, from 
. an inch to over a foot in thickness, near the 

village of Bharra. 

East of the Mohan the sandstone beds of this series Uiickea Con- 
siderably and form bold scarps overlooking the low ground rdond 
Ghurder. Further east the termination of the outcrop takes the fhmsi 
of a narrow rib of quartzite and conglomerate, dipping northwards 
against a fault. For the last four miles of its course, before the 
outcrop tails out, It has run clear of the lower Vindhyans. 

Among the transitiona of the area under consideration there ari 

TiwMitioM several runs of conglomerate, of which tbre< 

principal ones require special notice. 

The first of these forms the ridge running about E. N. E. 
W. S. W M immediately north of the stream called Jhirta 1 m th 
map ; that which Sows north of the Dadri outlier. It consist* ben 
of a quartzite through which numerous pebbles of an older'quartsib 
are scattered. The transition volcanic* are seen In the ground'd 
Ik* south, bet the relationship of this conglomerate to the**'- Id 
not been mode out. A similar rock, probably of the same age^i 
found in contact with the lower Vindhyans in the stream -bed audoi 
*#ri Iflht rides Wtor Sara. No pebble* -of red jasper weto«ti$t^$l 


Trairifcioad* 
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, anJf« extensive ran of conglomerates, probably of later dAte, 
^ a la found south of the tower Vindhymn outlieto. 

ungiianntM y r< Vredenbnrg has traced It continuously 
from the neighbourhood of Madbopurwa to the Mohan river, which 
it crosses immediately south of the boundary of the red shale aeries. 
Thence it continues done to the southern boundary of the lower 
Vradhynas to the Gopat. West of the Gopat the outcrop trends 
away fawn the red shale boundary, and is very well seen in the" 
stream which flows down from Danri to the Gopat. Beyond this 
. the outcrop was not traced but was Been at intervals to about south 
Of Sendura, and is doubtless continuous or nearly so for the whole 
of 'this distance. 


The conglomerates of this horison are coarse and contain 
numerous fragments of the red jasper of the Bijawar type. The 
conglomerates pus upwards, in a northern direction, into soft slaty 
or even sbaly beds of grey and purple colour among which some 
bands of Sandstone and grit are found. Some of the beds are not 
nnHke those of the red shale series where these are most indurated, 
but then is a marked unconformity between the two series. 

South of and running up approximately parallel to the conglomer- 
ate outcrop just described is another conglomerate of very different 
and peculiar type. It consists of a fine-grained argillaceous matrix, 
now slaty or schistose, through which arc scattered rounded pebbles 
and boulders, some of great size. The rock is in fact an indurated 
boulder clay, of a structure similar to the glacial boulder clays of 
Europe and the Talchir boulder bed. Apart from this structure, 
however, there are oo other indications of glacial origin and the 
simile employed must not be taken as intended to do moti than 


ipdka f o the constitution of the bed. 

,, /jpgs' boulder-bearing bed has been traced from die ne^jjjtl 
^JMoiof Bannai to dm Gopat. The rocks between it and ttyy 
wpNgPwamxte are more schistose than those 4 Mjbe, N0tflt.il 
** fragments* of red jasper have|fifeicM?a4 f jf 
iMg$ta^»te. Taking these facts into 
i 133 ) 
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probaWethat the boulder elate Is older than Ae Wse considerate 
edtfclflruas to the north at, Mid nearly parallel with it 

The crystalline area between Longitudes. 8a° and 8a° 30' a eetoty 
chiefly remarkable, so far as a eery cetsore* 
examination shows, for the development Of jar 
very porphyritic gaeissose granite, in which the longer axes m 
the crystals of orthociase point in every direction, showing Bo 
tendency to parallelism either with each other or with the very 
obscure foliation. 

The Gondwana rocks in contact with the crystallines belong, 
to the Damuda series and probably to the 
Ranrganj stage. The boundary eastwards 
from Bichiadol is taken from Mr. Smith’s survey. It is not possible 
to make out from this whether the boundary is faulted or not In 
the eastern part of it the sandstones are described as resting ml* 
altered on the gneiss between Deosar and Deora; further west, 
between Pipri and Maoii, there is said to be a good deal oil 
alteration and induration at the contact. 

1 have seen this junction at two places only. North, of Ujafnl 
(a short way off the map) the bottom bed of the Oamudos was 
a breccia of quartz and felspar, evidently the dibris of a pegmatite 
of quartz and pink felspar which is intrusive in the crystallines close 
to the boundary. The other place was near Bichiadol, where the 

* uf 

sandstones are found turned up to a dip of 70° to south by east 
and are considerably indurated. It seems that the boundary it 
faulted to near the Mohan and eastwards of. that natural. * N 
The western portion of the boundary appears to be faulted and lit 
!>»• this area there are two small, ontiiers ^f 

, \ Talchir rocks. The first of these which Wit 

|l||p|kcfiwd..hy Smith rests' in unconjjorraable contact on '{he' 
incise valley pf the stream Bowing northwards f r 
i‘ef Tal to theGopat The second Res to the eant of 
«Wh 6y the crystallines and Aw I 
\ country has been carefully “eiawatoif 
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Mr. Vredenburg, and as the section is valuable as indicating the true 
nature of tbe boundary faults of the Gondwanas in this region, it 
may be reproduced with advantage. 

The boundary with the Archaean gneiss was examined for a short 
distance along the north-western part of map 476. It presents 
some very peculiar features. It is almost rectilinear, and all these 
stages of the series in turn abut against it. 

Neither original limitation nor ordinary faulting will account 
satisfactorily for all the features observed ; for not only do the three 
divisions severally abut against the boundary, but they occur in 
such close proximity to one another that they must be considered 
unconformable, or else they all three of them thin out along the same 
line, which would be inexplicable. At the same time one good con- 
tact shows the Barakar beds resting upon the gneiss. 

On the supposition that there is here no geological feature of 
an exceptional character, we may consider which of the three pos- 
sible suggestions, or whether any of them will account for all the 
facts observed. These three explanations are : (1) original limit- 
ation ; (2) an ordinary fault ; (3) unconformity. 

If the rectilinear shape of the boundary and the manner in which 
it cuts off the several formations are to be accounted for on the 
supposition of original limitation, this must be of the nature of a 
cliff— of an inland cliff, moreover, since the Gondwanas are laod 
deposits. Inland cliffs, even when formed by some veiy regular 
feature such as the scarp of a very evenly dipping series of beds, 
are seldom strictly regular ; and in the case of a heterogenous and 
complex series like the Archaean gneiss, it is difficult to realize how 
the formation ol such a rectilinear feature would be possible. Even 
supposing it has been given rise to by some unknown agency, the 
explanation does not account for the fact that the different stages 
which appear perfectly conformable over enormous areas should 
suddenly become unconformable along this boundary, and with dips 
Undisturbed within a few hundred yards from it^the rocks remain- 
ing sometimes horizontal up to the very contact with the gneiss* 
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Tins sudden apparent unconformity will not be accounted for 
either by an ordinary fault, however well this would explain the 
rectilinear shape of the boundary and a number of other features, 
such as the low, undecided dips, the beds dipping just as often 
towards the boundary as away from it. Lastly 9 there is the fact 
already mentioned that in the river near Tal a natural junction may 
be observed between the gneiss and Barakars, the Talchirs being 
absent* 

It need hardly be added that the supposition of an unconformity, 
while it would explain the proximity of the various stages, would 
still leave the question of the shape of the boundary quite unsolved. 

It is the consideration of these various peculiarities which has 
led me to interpret the features observed as the result of a sub- 
sidence contemporaneous with the deposition of the beds. During 
the whole time that the subsidence lasted, it would seem that 
different movements never ceased taking place along this particular 
line, or at least along several parallel lines in very close proximity to 
one another, which would account for the slight irregularities 
observed, such as the natural junction of the Barakars near Tal. 

The description of the line of boundary may appropriately com- 
mence with this exposure. 

The contact of the Gondwanas with the Archaean gneiss i* 
exposed at Tal in the Kandas river, just below its confluence with 
another tributary from Kachra and Ponri. 

The Gondwana rocks are thick beds of sandstone with much 
decomposed felspar, resting upon a sloping surface of gneiss. The 
strike of the boundary at this particular point is 25 0 E. of N. The 
dip is insignificant, not exceeding 4°. The strike of the foliation 
in the gneiss is 70* E. of N. 

This natural function is not in disagreement with the existence 
of a fault, if it be conceded that the fault was partly simultaneous 
with the deposition of the beds. 

Suppose a fault tg&e$ place before the deposition of the sediment* 
ary grata has commenced. If it is on a land surface subjected to 
ordinary conditions of atmospheric erosion, the wall of the fault wilt 
not remain as a cliff, but will be simultaneously denuded* If the 
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•area then becomes one of sedimentation, the figure of the section 
'will be thus: (Fig. 11.) 



Fig. ix. 

If the effect of the final cycle of erosion is to remove the cocks 
as far as the line AA, the conditions of the boundary will be 
analogous to those observed in the Kandas at TaL 

Yet the case is not quite similar, for the beds exposed should be 
the lowermost ones, the Talchirs, while they present the characters 
of the Barakar sandstone. Instead of supposing the erosion to come 
to an end we imagine the movement along the fault to continue, or 
a parallel fault to originate : (Fig. 12.) 



This, too, may become partly eroded before the new sediments 
have filled the depression, and the next set of conditions may be 
as in Fig. 13. 



Fig. 13. 
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Again, supposing denudation to reach the line A A, we wilt get 
at B conditions exactly answering to those observed at Tai. If 
besides we imagine, to the lefthand side of the diagram, a very 
slight ayndine, or small depression in the original floor of deposi- 
tion, the similitude will be complete ; for this would give rise to a 
small outlier of the Talchirs, just as occurs north of Tal. 

The fault shown on the diagram as older than the Talchirs is not 
needed, as it was imagined merely for the purpose of making the 
explanation clearer. An additional fault is, however, needed to the 
right of the diagram in order to sufficiently lower the level of the 
Mahadevas, as these abut against the boundary a very short distance 
away from this point, at Kachinar. 

The general structure of the section at Tal would therefore be 
thus: 



Pit. u> Section at Tal. T, TalcUr; 

B, Barakar; G, Gneiss. 

The existence of the Talchir outlier combined with the fact that 
the Mahadevas themselves are faulted gives a minimum value for 
the throw of the fault, looking upon the several step.faults as one ; 
the value should be estimated as at least equal to the thickness of 
the Talchirs and Barakars, plus several hundred feet to account for 
the thickness of Mahadevas affected. 

East of the contact just described, the rocks are concealed by 
alluvium. At Kachinilf in the river that flows from Maraicb just 
above', its confluence with the Kandas, some Barakar beds are seen 
dipping io° W. of N. at 33°. The hills east of Kachinar consist of 
Mahadevas, and ills these that are exposed in the same river higher 
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up than tbe last-mentioned exposure. Here the dip Is 15° W. of 
S. at 30° ; the gneiss is exposed a few yards to the north, but the 
nature of the actual contact is not seen. The beds along the 
boundary continue to consist of Mahadevas for a length of over half 
a mile ; then a small basic dyke occurs in that same position. 

East of this dyke the rocks are again much concealed ; some 
Barakar beds are seen dipping east at io°. The next rock exposed 
belongs to the Talchir stage. The dip of the beds is 70° W. of 
S. at 44°. The rocks exposed in the river-bed are laminated 
micaceous sandy shales interbedded with a clayey coarse sandstone 
of a deep greenish-blue colour, and containing a multitude of pebbles 
varying from mere sand-grains up to a foot in diameter. Many of 
these consist of gneiss similar to that exposed in the neighbourhood ; 
the majority are derived from the Bijawars. Some pebble-beds consist 
of a conglomerate partly formed of red jasper fragments, and are 
consequently newer than the Bijawars, possibly Vindhyan. The ice* 
scratched surfaces are conspicuous. 



Fig. 15. Section near Kachinar. 

' We have here the three divisions of the Gondwanas brought into 
close proximity to one another, and the diagram section, Fig. 15, 
illustrates the view which is taken of the nature of the boundary. 

The Talchirs are exposed only for a short distance along the 
river-bed ; a little further east, higher up ill course the Baralurs 
interbedded with carbonaceous shales once more make their appMff*> 
ance. They dip so 0 E. of N. at io°. 

Notwithstanding the great irregularities in the amount of dipt 
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the boundary remains practically rectilinear, the strike being parallel 
to the foliation of the gneiss. 

North of Maraich the Mahadevas again came in contact with the 
boundary whose faulted nature is here very clear. It runs along the 
crest of a tall ridge whose southern slopes consist of Gondwana rocks 
of the Mabadeva type, while the northern portion is made up of a 
totally different rock which has been variously described as “ quartz 
reef," "jasper,” “ hornstone-breccia,” and the true nature of which 
has not yet been made out. It often coincides with the Gondwana 
boundary, but may be only a coincidence, due to the fact that the 
Gondwana boundary itself follows the direction of foliation of the 
gneiss, which is the general strike of all the other geological 
features. 

The relation of the Gondwana sandstone with respect to this 
siliceous rock is not one of ordinary superposition, for the dip does 
not in any way coincide with the slope of the hill, instead of which 
the strata lie nearly horizontal. The section here is such as is 
represented in Fig. 16. 



FI*. •«. Section north of Munich. B. Bnrakars; U, Mahadevas ; H, Hornstone-breccia; 

G , Gneiss. 

Unless we suppose that the rock has been deposited against a 
pre-existing cliff, we are bound to admit that here again it is faulted. 

East of this hill of peculiar structure, the rocks in the high level 
plain of Maoli are typical Barakars, often interbedded with carbona- 
ceous shales ; they frequently lie horizontal, or if they have any ap- 
preciable dip, the strike is quite at variance with the general strike 
of the boundary. Here again a basic dyke runs along a portion of 
the boundary. 
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East of Maoli, at Bichiadol, there is an exposure of beds only a 
few yards away from the gneiss ; they are highly crushed and dis* 
turbed, dipping 40° W. of S. at 70°. 

East of the last-named point the line of separation between the 
Barakars and gneiss can always be followed with very near approxi- 
mation. The actual boundary is often marked by a band of the 
peculiar 44 quartz •reef/' or “ hornstone-breccia.” At one point there 
is a tall narrow range of Mahadevas ; hut it is scarped on all sides 
and of the nature of an outlier ; yet the boundary occurs a very short 
way north of it, and as the dips in the rocks are generally low or 
inappreciable, there roust be a fault as shown in Fig. 17 in order 
to bring the gneiss almost on a level with the base of the Mahadevas* 



Fig. *7. 

1 hav£ not followed the boundary further east. Whether the ex- 
planation given to account for the observed facts be correct os not, 
it is well established that along all this line the junction is nowhere 
of a normal character, that in several instances faulting is evident, 
and the main feature of the junction is that of a fault. 
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CrycUlliiM area. 


Chapter IX.— COUNTRY NORTH OF THE SON AND WEST 
OF LONG. 8a° 30' E. (P. N. Datta.) 

Crystalline rocks .— There is an area about Sana and Kubfi ex- 
tending eastwards as far as the mouth of the 
Banas river, which between the basal beds of 
the lower Vindhyans on the north and the Son on the south shows 
crystalline rocks (gneiss) occupying the ground. It is upon this 
crystalline floor that the lower Vindhyans were deposited here. 

The junction of the lower Vindhyans with the gneiss, which is 
well exposed at the point south-west of the 

(auction of the lower 

Vmdkjrane with the Rimar village where the Son cuts across the 

KM its about Rimar. 

range formed by the basal quartzitic conglome- 
ratic beds of the lower Vindhyans, is well traceable from near Rimar 
as far as the mouth of the Banas river, with the exception of the 
neighbourhood of Bakura, where a thick spread of alluvium occurs. 
By Rimar the conglomerates are seen dipping N. W. by N. at 65°, 
while the gneiss exhibits a foliation-dip of 78° to S. by E. The 
gneiss as exposed here is a perfectly foliated rock. Associated with 
it occur here also bands of hornblende schists. 

Here one mile S. W. of Kaithaba, near Saria, I found, on the bed 
of the Son, a coarsely crystalline rock intruded, 
evidently as a dyke, in the gneiss. This find is 
of interest, inasmuch as the rock belongs to the olivine-norite group of 
the dyke -rocks of South India and the lava-flows in the Cuddapahs. 
Taken as the type of the group, it has been fully described by 
Mr. T. H. Holland (Records, G. S. I , Vol. XXX., pt. i, pp. ao, ai). 
LOWER VINDHYANS. 

I. — Basal Stage . 1 

This (the basal) stage is formed of the lowermost beds of 
the lower Vindhyans, and includes Nos. 1 and a 
of Mr. Mallet’s sub-divisions of the lower 
Vindhyans. 

' 1 The four-fold ciapalficttioe of the lower Vindhyans, vt#., into the ConglomeraticC Basal), 

Force) lanic, Kheiniua and Bohfas stages was first piopoaed by me in the Notes on Rewah (n 
1895. Roc., Geol. Surv. InX, Vol. XXVIII., pt. 4, p. 145. 
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The small patch of ground about two miles S. by E. of Deorij 
or on the left bank of the Son due north of 
ing Basal b«u in this Ghusra, together with the narrow strip of land 
commencing about a point Long. 8i° k 6 # *5 E., 
Lat. 24 0 io / N., and running north-east as far as the confluence of the 
Ban as with the Son t is all the area that is occupied here north of the 
Son by the beds of the basal stage. 

• In the western parts of this area the top of Ihe basal beds is 
formed by a limestone, which shows a good deal 
ite chan**- of variation even within a short distance. For 
®tfef«s* instance, on the left bank of the Son, t mile 

S.-W. of Bakaili (or 5J miles S.-E. of Ramnagar) the rock is light 
grey, non-crystalline, fait ly pure and in beds of moderate thickness; 
while the same band of limestone presents at a point a little over 
2 miles south-west of the last-named outcrop totally different charac- 
ters — the rock being here mostly dark grey, crystalline, much veined 
with calcite and with the bedding obliterated. Traced north-eastwards 
the rock is highly siliceous by Mahadabur, but is purer again by 
Kusma. The band narrows down considerably by Rimar, dying out 
by Bela and replaced by a white earthy shale by Bartona. Eastwards 
of this no limestone is traceable in this horizon, that is, in this little 
area, except by Kanwari (one mile E. of Ludbad), where a calcareous 
outcrop to the extent of a few square yards is visible. 


The rocks between this limestone which forms the top of the basal 
„ . . , stage here and the very bottom beds (conglo* 

Gexeral character* of ^ J ' 0 

Ri m e r 6 * 1 ** ***** ne v mcrat > c ) which form the range running N.E.- 
S.W., south of Rimar and Bela, are not very well 
exposed, but detailed observations show that in this neighbourhood 
the limestone seems to pass down into a dark bluish earthy rock 
ferruginous in places. Shaly sandstone with quartz and ferruginous 
bands and quartzitic sandstone, light to dark grey and fine*grained to 
coarsish, are next seen, while lower down ferruginous calcareous beds 
with pale greenish shale passing down into a greenish argillaceous 
shaly sandstone come in close above the quartzite which forms the 
( ) 



COUNTRY NORTH OF THE SON AND WEST, ETC. 143 

range between Bela and Saria. This quartzite which is thick-bedded, 
compact and hard, and reddish white in color, has hardly any pebbles 
in its upper part, but becomes conglomeratic in the lower parts, 
the pebbles here being of white and reddish quartz, reddish quartzite 
and red jasper, and constitutes the lowermost beds of the Vindhyan 
basin here. 


II.— PORCELLANIC STAGS. 

Above the basal stage come in the Porcel- 

Porcellanic stage. _ . . 

lame shales. 

Beginning at a point on the Son about 6 miles south by south- 

TraMd'lroni new Ram- east of Ramna gar, the Porcellanics run on 
north-westwards as a fairly thick band. By 
Marjatpur the outcrop is thicker, but beyond this point it contracts 
again and the beds assume a more easterly strike and are well 
traceable,' forming as they do the hilly ground by Amlai and Garhara 
eastwards. In the neighbourhood of Baghar and Dembha, however, 
there is a good deal of alluvium concealing the beds. Just Skst of 
Dembha occurs the Son crossing the Porcellanics at right angles to 
their strike. 

A little to the south of Deora, on the Nagour, in the western 
parts of this area, the Porcellanics are well 

Well MpoMd near Dton. ... 

exposed. Along with the typical rock 
the porcellanic shale which is characteristically greyish white and is 
Natan of th. bed* com* often composed of laminae of various colours, 

po*mg 1,16 such as grey, yellowish, white and blackish, and 

is generally thin-bedded,— occur, interbedded, making up not an 
inconsiderable portion of the entire bulk, ordinary argillaceous shlles 
and sandstones of a pale greenish hue. Intercalated with the 
above also occur beds of a homogeneous clayey rock and a rock of 
a dark to bluish grey color, much resembling a limestone, but 
poo-calcareous. Along with these beds we also find a rock which is 
more compact, harder, coarser, thicker-bedded and more distinctly 
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The "Trapfciid M rock. 


bluish and weathering light yellowish brown. 
Quart i -grains, mostly rounded, with sparsely 
distributed felspar crystals, make np the rock. These hard, coarse 
beds do not occur entirely and purely by themselves, but often have 
finer-grained shales interbedded with them. Following the PorceL 
lanics down the Nagour, these harder beds are first met with just at 
its confluence with the Son and can be well followed up the Son 
along its left bank, until finer porcellanic shales forming the lowest 
beds of the stage are come upon again. These harder beds are 
difficult to map, as they do not form a pure band by themselves nor 
keep to the same position, but are, on the other hand, very inconstant 
and variable They are, however, more or less traceable all the way 
from Bailcona to Marjatpur and from Marjatpur by Amlai to Garhara. 
Between Garhara and the Son one does not see much of the rocks 
owing to the preponderance of alluvium. 

By Jhinna and Marjatpur a thin band of limestone occurs towards 

inte rb e d d ed u PP er parts of the Porcellanics, intercalated 

iatfcePorcdiaaica. with the typical po> rellanic shales, effervescing 
freelj^ferith acids. This limestone passes gradually and impercepti- 
bly into the shales above and below, the passage rock effervescing 
less and less until the bluish rock into which the limestone eventually 
passes does not at all effervesce with acids and seems entirely free 
from calcareous matter, though in look and appearance it would be 
the easiest thing for anybody to mistake it for a limestone. 


III.— Kheinjua Stage. 

Overlying the Porcellanics there occurs a mass of alternating 
. . . . shales and sandstones with occasional bands of 

w Khetnjaa beat. 

limestone. These shales and sandstones, though 
they naturally vary somewhat as they are traced from the base 
upwards, still, taken together, present a relationship and unity of 
character to entitle them to rank as of one group or stage, and this 

TMr pootioa defined, ‘“ceding *11 the beds from the upper boundary 
of the Porcellanics as far as the commencement 
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of the limestone — the Rohtas limestone— occupying the topmost part 
of the lower Vindhyan beds. To this mass of argillaceous and 
arenaceous beds — t\e- t between the Rohtas limestone above and the 
Porcellanics below — the term “ Kheinjua” has been given. It was 
first so applied by me in my notes on the Son Valley. 1 

Sub-division of the Kheinjua .r.— The beds thus treated as forming 

The Kheinjuas «ub- one independent stage are, however, consisting 
dixidcd mto tt zones. as ^ e y c j 0 0 f alternate shales and sandstone 

with limestone, susceptible of arrangement into distinct zones. As 
the superficial deposits prevail largely over the eastern parts ol the 
area under consideration, the Khcinjuas are consequently better 
exposed and studied in the western parts. Taking the neighbourhood 
of Ramnagar for a typical section, they (the Kheinjuas) were found, 
on examination, to be divisible into 8 zones 8 : — 

(In descending order) 

Zone V Hit— Argillaceous shales — 

Containing calcareous concretions and fair abundance of 
limestone beds ; arenaceous element insignificant and 
small where not almost entirely absent. 

Ramnagar stands on these. 

Zone VII . — Limestone band — 

Limestone pure ; no calcareous concretions as a rule ; no 
arenaceous or argillaceous element present 

This is the limestone band between the two villages of 
“ Kl^ajur'i” ol . ap, south-east of Ramnagar. 

Zone VI. — Shales — 

Arenaceous and argillaceous, with thin-bedded sandstone ; 
ripple- marked * altogether free from calcareous beds. 

On these stands the southern one of the two villages of the 
name of f< Khajuri” of map. 

Zone V.— Limestone with shales — (or rather shales with some limestone ). 

Shales reddish, sometimes calcareous, at other times not 
often forming bulk of the zone. Limestone very impure 
and interbanded with sandy layers showing 
ripple-marks ; sometimes brecciated and contain 
cherty and quartzitic inclusions. 

0 Rec», Geol. Surv. Inch, Vol. XXVIII., pt. 4, p. 145. 

a Rec., Geol. Surv. Ind., Vol, XXVIII., pt. 4, p. 146. 
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This /one is exposed on the Nngour Nadi (stream) at § 
mile south-east by south of the southern village of 

“ Khajuri 99 of map. 

Zone IV. — Shales . Arenaceous and argillaceous; much ripple-marked ; 

with thin-banded snnd^one, often quartzitic. 

Zont ///. — Sandstone . Thick -bedded, grey and white, compact and quartzitic. 

This forms the scarp one mile north-west of Deora. 

Zont II. — Limestone vith shales — 

Limestone purer than No. V ; shales little developed 
by Deora but better developed and seen by 
Sukwari at the junction of the Andhiari with the 
Mahanadi (Lat. 24' 5, Ix>ng. 81 J 2); here the 
shales are argillace jus, greenish and non -calcareous 
and free from ripple-marks. 

This is the limestone band seen jnct at the southern foot 
of the sandstone scarp one mile north-wot of Deora. 

Zone /. — Shales and sandstones — 

Shales greenish and laminated ; sandstones generally 
thin-bedded. 

Deora stands on these. 

In the neighbourhood of Deora the beds of zone I are further 

Zone 1 further sub- sub-divisible, in descending order, into: — 

divided. 

(fl) A thin band of yellowish grey quartzitic sandstone, moderately hue- 
grained, passing downwards into a finer-grained darkish grey 
rock. 

( b ) Finely laminated pale greenish argillaceous shales, with occasional 
arenaceous bands. Well exposed on the Nagar Nadi just 
above and by the Temple at Deora. 

(c) A thick band of sandstone, in places thick-bedded and quartzitic look- 
ing and light grey to yellowish in color, first appearing a little 
south of the Temple at Deora. This forms the very base of the 
Kheinjua stage, resting on the Porcellanics below. 


Further details relating to the different zones of the Kheinjua 
Stage.— 

Zone /. — The sub-divisions of this zone {i.e. 9 into the sub-zones a, 
b and c) as indicated above, from the section 

The Kheiniuas. 

Sub-division of zone l near Deora, are not traceable far south-west or 
not traceable far. 

north-east from Deora, because, on the one 
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hand, exposures are bad, a good deal of the country lying under cul- 
tivation or the rocks being otherwise so ill-exposed or concealed as to 
render minute examination of the ground difficult or impossible ; and 
on the other hand, the sub-zones themselves do not seem to retain for 
any distance their individual characters owing to rapid lateral 
change. So the attempt to map these sub-zones was given up, the 
whole of the beds being classed as one main zone and mapped as such. 

Although the shales and thin-bedded sandstones constituting the 

Zone I exhibit lithological variations from 

7 one I persistent. 1111 

place to place, they seem on the whole to be 
persistent over the entire area, though they may be lying a good deal 
concealed in some localities, as on the east, or found to have lost 
much of their thickness, as seen towards the west. 

Zone //.—Limestone with shales. 

The shales are argillaceous, well-laminated, 

Character ot the beds. 

greenish, non-calcareous and free from ripple- 


marks. 

The limestone in its look and color is not often unlike that of 
Zone V, but is altogether much purer. 

Beginning on the west, this zone is well seen at the confluence of 
the Andhiari Nadi with the Mahanadi River (Lat. 

The zone as traced from n « n / \ tt 

function of the And- 2 4 5 N., Long. 8 1 2 E.). Here a considerable 
quantity of the green shales occurs associated 
with the limestone. The band is well traceable from here, with a 
strike east by north, along the Son and occupying most of the river-bed 
for a distance of about 10 miles, after which it leaves the Son and 
runs almost due north-east along the southern foot of the sandstone 
scarp one mile north west of Deora. By Deora the zone has very little 
shale in it, beds of limestone making up almost the entire thick- 
_ f . , . ness. After crossing the Nagour Nadi the lime- 

by Ucheyra. stone band begins rapidly to lose in thickness and 

to die out by “ Ucheyra” of map. From this point eastwards as far 
as the neighbourhood of Ghungta no limestone is visible in this horizon 
(a good deal ofo the intermediate country, it must be remembered, 
L 2 ( *47 ) 
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fees under alluvium). But at \ mile west by south of Ghungta 
'(western) a very thin calcareous band makes its appearance, and in 
traceable northeastwards by Ghungta, Jhala 

Calcareou* band by 

Ghoagu, etc. a nd Ghidaora, where a double curvature, in* 


dicative o f the flexure which the rock-mass has here undergone, is ea* 
hibited by the band. The band is lost sight of under alluvium by the 
easternmost village of Ghidaora, and continues so until we reach a 
point (Lat. 24° 24'‘5, Long. 8i°4i') where, about one mile southeast 
of Missirgama, a thin band, occupying about the same horizon and 
probably a continuation of the band seen on the west, appears again 
and is traceable east by north by Dowara as far as Pawa. East of 
Pawa it is difficult to come upon any calcareous band in this horizon 
except a patch here and there, as between Bhitari and Lakbaora and 
also south-east by south of Lakhaora, until we come near to 


Limestone band by 
Patpara. 


Patpara, whence a thin band is traceable to a 
point about $ mile south of Koludi. Eastwards 


from here and to the limits of the area under consideration the ground 


is so thickly spread over with alluvial and other superficial deposits 


as to render hopeless any attempt to follow the band further. 


On the stream that falls into the Son just west of Sahaol are 


exposed, close to its mouth, a few beds (3 or 4) 
Liorestooe at Sahaol. , , . 

of a cream colored limestone, and a little lime- 
stone is also seen on the left bank of the Son just south of Sahaol. 
These may be of about the same horizon as Zone II. But it is diffi- 
cult to assign with any degree of corf'dence to their true position 
any isolated exposures like these, so far away from the main band. 
That the little limestone seen on the stream 3 mile south-west of 
Sahaol may not, on the other hand, extend far but probably dies out 
quickly, appears likely from the rapid thinning out observed in these 
limestone bed 3 even within the width of stream itself. 

Zone ///.—The sandstone forming this zone is grey to white in 

Sand*one quwtritic Color ’ generally fine-grained, hard, compact and 
quartzilic. From its hard, compact and quart- 
zitic character, which has enabled it to resist denudation better thah 
148 ) 
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*ny of .its neighbours, it has been able to give rive to that prominent 
range of hills, which commencing from the Andhiari Nadi (the western* 
most limits of the area under report), miles almost due west of 
the confluence of the Mahanadi with the Son (Lat. 24° 5' about, Long. 

8i° 3'), stretches east by north along its left 

Forms a prominent scarp. , , , , , . 

bank, forming a great and prominent scarp oven- 
looking the Son, till it reaches a point due south of Ramnag&r where 
it leaves the Son, and turning further north continues to keep a 
steady north-east cou»9e. By Marjatpur the zone is much thinner, 
and as it is followed eastwards (the course of the range here 

becomes east by north again) it still more loses 
fined range beyond in thickness, ceasing to exist as a distinct thick* 

1 bedded hard quartzitic band by Raidooria. East* 

wards of this we certainly have a range of hills, though less in height 
and prominence, in about this horizon, composed of shales and thin* 
bedded sandstone. Such, for iustance, is the range that we find run* 
ning east by north from a point £ mile south of Bardela, then 
north-east (at i| miles south-east of Rampur) and then after 
describing a curve about 2 miles east of Rampur turns east by north 
again and runs between Duari and Ghidaora, by Kataoh, Kua, 
Churbat and Dowara, beyond which it is split up into still 
smaller and minor ranges. Such are the low hills (striking W* 
by S. — E. by N.) about i mile south of Chilari and Lakhaora 
and by southern Patpara. Between Patpara and Koludi even these 
minor hills disappear. Alluvium predominates so from here east* 
wards as to render it impossible to mark the traces of even acontinu* 
ation of the hills observed on the west. As already mentioned, we cer* 
tainly have, east of Raidooria, where the quartzitic band of sandstone 
ceases, a smaller range of hills which we can follow, as shown above, 
continuously as far as Dowara, it splitting up, as already noted, into 


Why difficult to trace 
tbe cone beyond 
Raidooria. 


minor ranges beyond that point. The reason 
why this range cannot be mapped as continua* 
tion of Zone III is twofold, namely, first, the 


rock composing this eastern smaller range or ranges is not a hard 
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quartzitic sandstone but thin-bedded or shaly sandstone and shales; 
and secondly, near the typical section by Ramna&ar, another range of 
hills, less prominent and less high, occurs formed of shaly thin-bedded 
sandstone and shales belonging to Zone IV ; and we cannot be sure, 
in the absence of organic contents, whether the chain of hills we have 
traced from Raidooria and by Rampur, is formed of thin-bedded 
sandstone which belongs to Zone IV or uhich is an extension, as 
result of lateral change, of the quartzite of Zone III. 

The scarp referred to by Mr. Mallet as occurring near Ramnagar, 

Tbe scarp south of and truly 41 mailing in magnitude the Kymore 
Ramnagar. range itself / 9 is formed of this hard quartzitic 

sandstone of Zone III. This scarp sandstone probably does not 
belong to Mr. Mallet’s sub-division No. 8 as stated in the Memoir, 1 
but really to his sub-division No. 6. For if the limestone band exposed 
on the Nagour Nadi | mile south-east by south of 11 Khajuri” of map 
is sub-division No. 7 limestone of Mr. Mallet's ( = our Zone V), these 
beds forming the Kheinjua scarp, which underlie the limestone, 
are necessarily older, and not younger. 

Zone IV . — These are the much ripple-marked shales (arenaceous 
Suits much ripple- as wel1 as argillaceous) that come above the 
marked. quartzitic sandstone of Zone III, and are under* 

laid by a calcareous zone (Zone V). 

So long as Zone III is traceable, the lower boundary of Zone 
IV is of course clear. But where Zone III is no longer definable, it is 
not practicable to separate the thin-bedded sandstone and shales of 
Zone HI from those of Zone IV. The overlying calcareous zone (Zone 
V) being however fairly persistent over a wide area, the upper bound- 
ary of Zone IV is thus far better defined than tbe lower, and will be 
beat followed when the course of Zone V is indicated. 

Zone V ,—' This is a band of limestone with shales, and corresponds 
to sub-division No. 7 of Mr. Mallet's. 

The limestone is, as a rule, very impure, being often brecciated and 

Limestone ripple- c l iert y* A noticeable feature about this lime* 
stone is its ripple-marked character, the ripples 

1 Mem., Geol. Surv. led., Vol. VII., p. 40. 
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having beeq preserved on layers of sand intercalated between thin 
bands of sandstone, well seen about Sulkma. Associated with the 
limestone, in its upper part, is a highly ferruginous rock presenting, 
when weathered, a highly complicated honey* 
combed structure, utilizable as a source of iron. 
Commencing at the western extremity of the area under discus. 

The zone as traced from sion » the limestone outcrop on which Sulkma 
Sulkma eaitwards. stand 8 is the limestone of this Zone V. This 

is followed eastwards by Kudri to Dueria, then east by north as far as 
the longitude of Ramnagar (Long. 8i° li'‘5) when it turns north-east, 
and this course is kept up to near Naogama. The zone has much 
thinned out by this time and is only traceable as a very thin band 
striking £. by N. by close south of Khoomarha, a little south of 
Dangarha, by Raidooria, by Rampur, and then after a double cur- 
vature near Rampur, ruru? by Raikhor, Kua and Churhat, and is 
well traceable as far as Lakhaora, east of which alluvium steps in 
and the bind is no longer possible to follow. (The limestone visible 
by the tank of Bargama is probably the outcrop of a flexure in the 
main band). So by Patpara and Koludi and eastwards the band 
ceases to be connectedly traceable. The small calcareous outcrop by 
the tank of the southern village of Pahari and by the western 
tank of Hinaoti, together with one between Lillwah and Sahaol 
mark in all probability the eastern continuation of Zone V. 
Between Sahaol and one mile east of Bhaghor no limestone is visible 
about this horizon, but from the latter point a thickish band is 
Limestone bend by observable by Bardi, Barhat, Khaira and as far 
Bardi, ferhat, etc. aB Gangi. The band is quite thickish as seen 

exposed on the stream a little to the west of Gangi. But it is difficult 
to follow it nearer the village. About $ mile south-east by east of 
Gangi and close to the right bank of the Son some calcareous beds are 
seen with a local high dip to the south indicating the disturbance to 
which the beds have been subjected hereabouts. This exposure, 
however, shows nothing of the thickness of the limestone band seen 
just west of Gangi, and so whether it marks a continuation of the 
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western band, or is only some extraneous calcareous beds in the 
Kheinjuas, one cannot be quite sure. 

Zone *7.— These are the shales (argillaceous and arenaceous) with 
some sandstone generally thin-bedded, that come in immediately above 
Rtppie-m*rks not so calcareous Zone V. The shales are often 

abundant as in Zone IV. f, ne iy laminated and ripple-marked but the 

ripple-marking is by no means so abundant here as in the shales of 
Zone IV The zone is entirely free from calcareous matter. 

This zone is, as we have seen in our typical section by Ramna- 
Difficntly Of tracing the g ar » overlaid by the limestone band of Zone VII. 
t** 1. Thus its upper boundary is also well-defined so 

long as the limestone of Zone VII is traceable, and this is so from the 
western limits of our area (Long. Si 0 ©') to near Rampur (Long. 8i° 
31'). East of this point Zone VII is no longer traceable ; super- 
ficial deposits predominate to such an extent in these parts that it is 
impossible to tell whether the limestone of Zone VII has quite died 
out here or is merely concealed by the alluvium. Hence in the 
eastern parts of the area. Zone VII being no longer traceable, the 
shales of Zone VI cannot be mapped separately from those of Zone 
VI 11 ; for though their characters are such that they could be easily 
separated on a clear section, superficial deposits here cover them 
both alike, rendering any separation impossible. 

Zone VII . — It being a pure limestone band with no sandy or clayey 


Easily distinguished 
from the limestone of 
Zone V or II. 


elements in it and altogether purer than the 
limestone of Zone V or II, is easily distinguish- 


able from the two latter. 


This is the band that runs by just south of Nando and Mirgaoti 
The zone m traced an d between the two villages of “ Khajuri " 
of map (one mile S. E. of Ramnagar), and from 
here, though much concealed under allurium, it no doubt runs 
but only as a very thin band, with a general strike of W. by S.— 
E. by N., as far as the neighbourhood of Rampur. The second band 
of limestone exposed on the Marhawal Nadi from its mouth (*>., little 
short of a mile up the stream from its junction with the Son, Lat. 
2 4° t 9'» Long. 8° 30') is the limestone of Zone VII. 
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It .seems . to die out shortly, or is not at any rate traceable 
further. 

Zone VIII . — These are the well-laminated argillaceous shales 
Characterised by fhales that immediately underlie the Rohtas lime- 

with calcareous concre- 
tions. stone. 

These shales have characteristic calcareous concretions developed 
in them, and have also frequent beds of limestone intercalated in them 
and are besides almost free from a enaceous beds, points which dis- 
tinguish the shales of Zone VIII hum those of any of the underlying 
zones of the Kheinjua stage. 

As for the calcareous concretions, although they certainly charac- 
terize the argillaceous sheles of Zone VIII, occurring more or less 
through the entire thickness of it, they are not confined to this zone 
alone but are found also, and in some abundance too, in some parts of 
the Rohtas limestone, as for instance, near Marwar (south-east of 
Mankaihri), Deori (west by south of Gursari), etc., and those that occur 
in the Rohta« are quite indistinguishable from those ol the Kheinjua 
beds. 

Crystals of quartz often of good size and beauty occur in places 
Occurrence of quarts ^ air abundance in the shales of this zone, 
crystals. From the state of exposure of the beds it is 

not possible to say if they are confined to any particular set or sets 
of beds. On the left bank of the Son, north-west by west of 
Bardi, for instance, is a good exposure of these shales with the 
quartz crystals. 

IV.— Rohtas Stage. 

The stage is made up entirely of limestone. 

This is the limestone that comes in immediately underneath the 
Kaimur sandstones and shales of the Kaimur 

Rohtas Stage. 

scarp and forms the youngest of the four 
stages constituting the lower Vindhyans. 

This stage comprises Nos. 9, 10 and 1 1 of Mr. Mallet's sub- 
CompriM* Mallet’. *ab- divisions. The shales of No. 10 have not been 
dwiuoM No.. 9. 10 St 11. observed in the area under notice; while the 
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limestone of sub-division No. 9 is so like that of No 1 1 that it is 
impossible to separate one from the other. Thus all the limestone 
has been classed as forming one stage, the Rohtas. 

The rock is a pure grey limestone, somewhat pinkish or salmon- 
Rock thin-bedded and colored in places in the upper part and generally 
*“***• very thin-bedded. This flagginess obtains 

throughout the thickness of the stage, thick beds being rare. 

The limestone towards the base of the stage exhibits a tendency 
towards concretionary character, circular to 

Calcareous concretions. , 

oval concretions of carbonate of lime, often of 
great regularity and beauty, being in places abundantly developed. 

Crystals of quartz have in some places 

Quartz crystals. 

been developed in drusy cavities in the 

limestone. 

The sudden and extreme bending and contortion, also equally 

Local bending and shared **7 tbe u PP er beds of tbe Kheinjua 
ctortio. o< the rock. stage( wbich the Rohtas has locally undergone, 

forming a remarkable and conspicuous feature in these beds, has been 
noticed by Mr. Mallet. 1 The topmost beds — those by the junction 
with the Kaimurs — show, however, no evidence of such disturbance. 
The limestone being of a uniform character from the top to the 
base, the stage is not susceptible of any 

The stage not divisible. .. . . 

further sub-division. 

As already stated, sub-divisions No. 9 (limestone), No. 10 (shales) 
and No. 11 (limestone) of Mr. Mallet's are com- 

Mr. Mallet’s Sub-div«- . ' _ _ . . . 

sion No. 10 not observ- prised m our Rohtas stage. But nowhere m the 
able here. 

area under examination could I come upon the 
shales that form sub-division No. io. 1 Though fairly good exposures 
are available in the western parts of the area, no shales were there 
observable in the limestone except here and there to the thickness of 
6 to 9 inches or so. As regards the eastern parts of the area under 
notice, though alluvium prevails here to a very considerable extent 

1 Mem., Geol. Surv. Ind., Vol. VII., p, 43. 

1 Mem., Geol Sutv. Ind, Vol. VII., pp. 28, 42. 
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llie stage is apparently composed of thin-bedded limestone of the 
same kind and character as on the west, and no indications of a 
band of shales such as would correspond to No. io of Mr. Mallet's 
sub-divisions could anywhere be clearly discovered. These shales 
are, however, stated to occur between Rajgurh and Rewasin Hill. 1 
That Rajgurh is probably a misprint for Ramnagar would 
appear from the occurrence in the maps supplied for survey of a 
locality of the name of Ramnagar in about the identical position 
of tl Rajgurh” in the map accompanying Mr. Mallet's Memoir. 
Taking Ramnagar and Reiwas Hill, then, for 11 Rajgurh n and 11 Rewa- 
sin v Hill, one can only remark that in this area hardly any clear 
exposures of even the upper beds of the stage are obtainable, to say 
nothing of an intercalated band of shales in them. At the foot, 
however, of the scarp by Baghawa, Diholi and a few other localities, 
1 certainly observed debris of what looked like argillaceous shales; 
but as in none of these places could I discover any indications of 
lamination or bedding in them, it was not possible to make sure 
whether what was observed was the debris of the shales washed 


Kaimur-Rohtas junc- 
tion. 


down the slopes from above, or really shales in situ . 

Relations of the lower Vindhyan system . — The nature of the 
Kaimur-Rohtas junction has rather been a matter of doubt and 
uncertainty, for while some have asserted, 
though rather feebly, that there might not be 
much of an unconformity here, others have, on the other hand, strong- 
ly maintained that the break indicated at this junction is so great as 
to justify the full and complete separation of the two series of beds 
that meet at this point. 

Over a good extent of the area under review circumstances were 
anything but propitious for a close scrutiny of 
close a examination of the the junction of the Rohtas with the Kaimurs 
junction. above. For the junction rtins along the 

Kaimur scarp either at or by its foot or a little way up the scarp, 
positions exceedingly favourable for the gathering of debris of shales 


Geol. Surv. Ind., Vol. VII., pp. 49, 43. 


( *55 ) 



* 5 ® 


GFOLOGV OP THE SON VALLEV 9 ETC. 


and sandstones from above, drawbacks of this description being 
rather greater on the western parts of the area than on the eastern* 
Still every endeavour was made to see what evidence could be 
gathered under the circumstances. In the attempt to get at 
evidence bearing on the nature of the junction I followed it (the 
junction) with a special look-out for any indications of denudation- 
unconformity, but 1 cannot say 1 succeeded in coming anywhere 
upon a contact of the Rohtas limestone with the rocks above 
No erottoMnconfor- indicating an erosion-unconformity, though the 
mity obBCn,cd - ground was pretty closely examined wherever 
and whenever the state of exposure allowed it. The shale* (so 
constantly seen, specially on the western parts of the area under 
notice) immediately overlying the Rohtas certainly seemed thicker 
in some places than in others, but whether this was due to the 
original variability in the shaly deposit, or to denudation of the under- 
lying limestone in places (where the accumulation of shales would 
thus be greater than elsewhere) before the deposition of the shales, 
or to local depression in the rim of the basin, which would thus take 
out of sight some of the lower beds, it was difficult to make sure. 
Should there have been denudation in the case, the contact 
between the limestone below and shales above ought to show some 
evidence of erosion somewhere or other, but 1 myself never 
succeeded in finding any exposures demonstrative of such erosion. 
But this evidence, though of importance so far as relates to the 
localities of the particular exposures explored, cannot be said to 
prove and establish the absence of erosion of the Rohtas before 
the deposition of the superimposed beds for the whole area, inas- 
much as l was not able to examine the junction in its perfect entirety. 
But as regards that much of the junction as could be examined, the 
indications pointed to the absence of erosion. 

In reference to the relations of the Rohtas with the supra-Rohtas 

Perfect dip-conformity beds as re g ar ds dip, no dip-unconformity was 
With the Kwmurs. an y W here observed either; but wherever there 
was a clear exposure, the uppermost Rohtas beds were found to be 
perfectly parallel with the suprajacent Kaimurs. 
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There is certainly much evidence of disturbance in the beds of 
the Rohtas limestone, often in close proximity 

not^prior he do^i- to the base of the Kaimurs, which, however, are 
tioo of the Katmurs. quite undisturbed. That the Rohtas limestone 

might have been disturbed and contorted before the deposition of the 
Kaimurs is, however, contradicted and disproved by the invariable 
complete parallelism of the topmost Rohtas limestone with the 
Kaimurs which has been observed wherever a clear ptfnt of junc- 
tion has permitted an examination. 

We will now briefly refer here to a few of the sections at the 

Sectiom bearing on Kaimur-Rohtas junction which bear on the ques^ 
the nature of Rohtas- .. - , . , . . 

Kaimur junction. tion of the nature of that junction. 

The exposures at the Kaimur-Rohtas junction were, as already 

indicated, few and imperfect, hut the following sections among them 

were' thought instructive : — 

G ur sari Ghat . — Here the siliceous shales are seen to pass nor- 
mally into the Kaimur sandstone of the scarp. 
Gursan Ghat. The j unc tion of the shales with the Rohtas is, 

however, concealed here. 

Scarp-slopes by Hinaoti . — The exposure here too is not perfect, 

but the Rohtas limestone seems to pass into a 
Hinaoti. . . ... 

fine-grained homogeneous shale which, when 

freshly broken, is green but turns bluish chalky white on exposure to 

the air. Such a rock is what we should expect to meet with as a 

passage-rock from a limestone. For a little space 

Passage bed. f r 

up the slopes, above the Ust-mentioned shale, 
the ground is covered, but the shales that are exposed a little higher 
up are somewhat siliceous, and these pass above into the thick-bedded 
sandstone of the Kaimur scarp. 

Foot * of the scarp slopes , north-west of Daorahra, near 
Daorahra Boorgaona.— The homogeneous shale referred 

to as being met with in the last-mentioned 
locality is also e]|posed here. But neither the junction of the 
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ReiwM Hill. 


Rohtas with this shale, nor the paraage of this rock into the silice- 
ous shales and sandstones above, is traceable here. 

Scarf-slopes, north-west of Majgama —The loot of the spurs is 

occupied by the Rohtas limestone A little 
Mijgtnit * 

way up (after a short blank) a finely laminated 
soft shale, white grey to blackish, is seen (the shale is occasionally 
blackish enough to look carbonaceous). This soft shale passes upwards 
into a shale somewhat harder, the color being yellowish to brownish 
grey, with a faint approach to porcellanic look. 1 Beyond this 
point a talus of saodstone obscures the section, but the thick-bedded 
sandstone of the scarp is close above. 

Reiwas Hill (4J miles north by east of Rampur). At the south- 
eastern extremity of this hill, although the exact 
Reiwas Hill. an( j p rec j se point of junction (Kaimur- Rohtas) 

is not to be seen, the uppermost Rohtas limestone as well as the 
shales above are well exposed, just above the uppermost limestone 
exposed, a few feet of blank section, covered over with shale-ddbris, 
intervenes, beyond which occurs a laminated shale, somewhat blackish 
in places and very slightly, if at all, siliceous. This shale is 
succeeded by some more shales which are earthy and somewhat 
porcellanic. Over these comes in the thick-bedded sandstone (the 
dip of the limestone as well as of the shales above is N. 15 0 W., 
at ii°). 

These sections, we take it, indicate that there is no physical 

Inference f,o« the break »“ the sha P e ° f ^“P 4 chan g e in the 
above sections. lithological character of the rocks observable as 

one passes from the Rohtas to the beds above ; but that, on the other 

hand, the indications all point the other way, namely, that there is a 

physical continuity in the passage from the Rohtas into the Kaimur 

beds above. 

The following sections are taken from the eastern parts of the 

Sections from the .area 

eastern parts of the area. 

1 It may be added here that south of Seran;a, near Mirgaoti (Lat. 34® op', Long. 81 6 07 
we find a limestone passing down through a white chalky rock inte a porceUaaic study rock. 
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Ginaor.— There are two little hillocks at the foot of the Kaimur 
r'naor scarp by this village. At the eastern extremity of 

the western hillock is exposed a gentle anticline 
formed by sandstone (Kaimur), in the centre of which is seen a dark- 
ish grey sub-porcellanic rock exactly like that observed in the western 
parts of the area under notice between the Rohtas limestone below 
and the Kaimur beds above. This sub-porcellanic shaly rock passes 
up into a light grey laminated soft shale which is overlaid by the sand- 
stone forming the top-beds of the anticline. This sandstone is the 
continuation of the lowermost beds of the sandstone exposed on the 
adjoining Kaimur scarp. The Rohtas is not exposed here, but there 
is little doubt but that it comes in just below the sub-porcellanic shaly 
beds. Thus all that we can see here is that the sub-porcellanic sili- 
ceous shaly rock passes up into a soft light grey shale which in turn 
seems to pass up into the arandstone of the Kaimur scarp. 

Hillocks by Tikat .— There are three little hillocks here at the foot 
Tikil of the Kaimur scarp. Rising as they do from 

the alluvium of the plains, these hillocks are 
seen to be composed of sub-porcellanic siliceous shales which are well 
exposed on their southern slopes and are capped by thin-bedded sand- 
stone. No marked thickness of the laminated soft shales occurs 


here, but the siliceous shales seem to be immediately overlaid 
by the sandstone. The uppermost shaly rock does not seem to be 
an admixture of argillaceous and arenaceous materials, but while the 
shale is exceedingly fine-grained and seems 

ITS* °ffr ^ ar g ilIaceous ( thou g h may be somewhat siliceous), 
be s parallel. sandstone seems entirely arenaceous and is 

not very fine-grained. Thus there appears to be here an absence 
of a true passage of material from the one set of beds into the other. 
But though this is so, there is a perfect parallelism of bedding 
between the shales and the sandstone. The Rohtas below the sub- 


porcellanic shales is not exposed here. 

Baghawa*— The foot of the scarp-slopes north-west of Baghawa 
Bashaws exposes sections exactly similar to those near 

Tikat. Here, at one spot, the topmost layer, 
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a inches thick, of the siliceous shale could be traced for a few yards 
DqHeoafonnity tot no alon 8 thc junction with a perfect dip-conformity 
padoai pHni» with the overlying sandstone, although in the 
character of the constituent materials the shale and sandstone were 
sharply marked off, one being of fine argillaceous material, perhaps 
somewhat siliceous, and the other purely arenaceous. 

Diholi.— At a point at the foot of the Kaimur scarp, north-west of 
Diholi, is seen a section quite similar to the pre- 
ceding, but here the limestone (Robtas) is ex- 
posed in addition, underlying the sub-porcellanic siliceous shales. 
These shales are very well seen here, being light to dark grey in the 
lower parts and rather finely laminated in the upper parts. The junc- 
tion of the sandstone with these shales is as in 

Roh^wtt^th^o^eriyi^ the preceding section, but the contact of the 
•haks and sandstone. j a tter with the underlying limestone is not ex- 
posed. The point of interest, however, here is that all the three sets 
of beds, namely, the Rohtas, the suprajacent siliceous shales, and the 
sandstone overlying the last, are all well exposed, exhibiting a per- 
fect parallelism of bedding between one another. 

We thus find from these sections that while near Ginaor the sub- 
sections porcellanic shales pass up into a shale which in 
turn seems to pass into a sandstone, this latter 
shale is little developed by Tikat Throughout the greater part of the 
area in sheet 474 (*.*,, from Long. 82° to 82° 2o / ), the rim of the 
upper Vindhyan basin seems depressed, and the Kaimur sand- 
stone comes down to the level cf the alluvium of the plains. East- 
wards of this point the Rohtas is again visible by the foot of the 
scarp, but the siliceous shales are no longer traceable, being appar- 
ently absent, the result being that the Rohtas is in direct contact 
with the sandstone of the Kaimur scarp. These last two sets of 
beds, however, exhibit a thorough dip*conformity throughout. 

From the sections recorded above we are thus, in conclusion, led 

Inferences from the to infer 

sections recorded ebove. 


What the 

show. 


(i) That there is a passage from the Rohtas limestone into the 
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Kaimur sandstone through a homogeneous white shale, as 
observed by Hinaota, Daorahra, etc., and a sub porcellanic 
siliceous shale, which itself passes up into the overlying 
sandstone. 

(ii) That the above mentioned shales* the homogeneous white 

shale, the siliceous shale, etc.,— die out towards the east, 
and that there is an overlap of these by the Kaimur sand- 
stone which thus rests directly on the Rohtas limestone in the 
eastern parts. 

(iii) That this overlap would explain the abrupt juxtaposition of 

a coarse rock like the sandstone of the Kaimurs and of a 
fine-grained homogeneous deposit such as the Rohtas lime- 
stone, an abruptness that has hitherto been held to be univer- 
sal, and as such been insisted on as evidence of unconformity 
between the lower and the upper Vindhyans, but which 
appears now to be local and not universal, obtaining over 
only parts of the area and being replaced in other parts by 
a gradual passage from the limestone of the Rohtas into the 
arenaceous beds above. 

(iv) That though there is thus an overlap in certain parts by the 

Kaimur sandstone of the shales that come in immediately 
above the Rohtas, there is no unconformity between the 
lower Vindhyans and the upper. 


HI 
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Chapter X.— THE COUNTRY EAST OF LONG. 82*30' E. 

(R. D. Oldham.) 

The main area of the lower Vindhyans east of Long. 82° 30' to the 

Lowar Vindhyaa. eastern boundary of Rewah territory no longer 
presents the normal succession seen to the west. 
The porcellanites can be traced to near the Son at Gangi, though 
they are much less developed than to the west, and a larger 
proportion of the beds included in this stage are distinctly shaly. 

At Hurma the outcrop of the lower Vindhyans narrows down to 
not more than a mile in width, and as the section 

Section it Hanna. 

here marks the disappearance of the porcellanite 
stage, which is only picked up once some 28 miles to the east, deserves 
detailed notice. Along the south bank of the Son, opposite Hurma, 
there is an exposure of coarsegrained quartzitic sandstone very simi- 
lar to the basement beds of the lower Vindhyans. Traced eastwards, 
however, it forms a low ridge which can be traced to an exposure in 
the stream which flows northwards past Khattai. Beyond this 
the rock is seen at intervals and can be shown to belong to the trans- 
itions and not the lower Vindhyans, both by being associated with 
slates of transition type and by the exposure of the basement bed of 
the lower Vindhyans in its neighbourhood. 

On the section south of Hurma the basement bed is not seen, but a 
low ridge west of Khattai runs down into the Son and there is exposed 
with an east-and-west strike and a thickness of 250 to 300 ft. It is 
underlaid by 30 ft. of greenish grey shales and overlaid by a similar 
rock. The lower shales gradually pass into the sandstone, of which 
over 50 ft. are exposed, the base of the series not being seen, 
though it is probable that these sandstones are part of the basement 
beds and not far removed from the junction with the older rocks. 

On the north bank M r. Vredenburg describes the section in the 
stream west of Hurma. Underlying the limestones of the Rhotas 
stage is a bed 30 ft. thick of hard sandstone, not unlike that of the 
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Kaimur series but somewhat more quartzitic. This rests on coal 
black splintery shales underlaid by limestones which have a local dip 
of 76° to N. 13 0 W., but becomes less lower down the section. 
The upper beds of this limestone resemble the Rohtas, bat 
descending the section they pass into shales containing large black 
coloured calcareous concretions of the Kheiujua type. An almost 
continuous section of these shales, with occasional bands of impure 
sandstone, is seen till a band of limestone, about 40 ft thick, is met 


with. 


Limestone at Khatt&i. 


This is the limestone regarded by Mr. Mallet as his No. 7, and 
from the wording of the memoir where it is said 
that “ the outcrop recrosses the Son ea6t of 
Hurma, at which village the limestone is seen, as mentioned at page 
38V’ it seems that he regarded this limestone as the one which is seen 
on the right bank of the Son west of Khattai. This was not 
Mr. Vredenburg’s opinion, and having examined the section myself 1 
c^n confirm his separation of the two limestones, of which that seen 
near Hurma belongs to a higher horizon than the other. There is 
consequently a gap in the section occupied by beds which are hidden 
by the Son, among which may be the continuation of the porcellanite 
stage. 

East of Hurma, to the boundary of Rewah, the exposures of lower 
Vindhyan rocks are few and far between, the ground being deeply, 
covered in a thick sheet of recent deposits ; alluvial sands and 
gravels covered by a fine-grained loam of aeolian origin. South of. 
Oeora some low hills of shales and ripple-marked sandstone are o£ 


typical Kheinjua type. 

The boundary, as marked on the map, is largely conjectural. 
South of Naugi (Nowgai) the basement beds form a low hill composed 
of a conglomerate of small pebbles scattered through an earthy ma- 
trix.' Southwards of Kosai (Kofeai) the boundary can be traced, 
and on resurvey the difficulties of interpretation, referred to in the 
Vindhyan memoir, 1 of the section south of “ Berguctah Bargar of 

>• Meat., Geol. Sura. lad., Vol. VII., p. 139. 

* Mem., Geol. Surv. lad., Vol. VU., p. 34. 
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II he present map— were cleared up. It was found that the lime* 
stone was of transition age and formed a line of low hills diverging 
at a small angle from a similar line of hills formed by the basal 
conglomerate of the lower Vindhyans. South of Kotai these two 
lines of hills come together and there is one of which the western 
half is composed partly of limestone and partly of the sandstone of 
the lower Vindhyan basement beds. The eastern extremity of this 
hill is composed entirely of the sandstone and no limestone is seen 
to the east, its disappearance being due to its removal by denudation, 
previous to the deposition of the lower Vindhyans which overstep 
the eroded edges of the transition strata. 

After crossing the Rewah boundary into the Mirzapur district 

Btsal limestone in outcrops of a limestone band at the top of the 
Mvapur. basal stage begin to appear. This can be traced 

continuously to the exposure of limestone in the Son at Ghurdah. 
In the old survey this limestone was represented as No. 7 of the 
sequence established by Mr. Mallet further east, the later survey 
has established its true horizon and explained the origin of the 


mistake. 

About Bargawan these transitions near their northern boundary 
contain a number of hard bands which, in the field, resemble those of 
the pprceUanite stage and were taken for them. The limestone, being 
newer than these hard rocks, was naturally ascribed to the horizon 
No. 7. The more detailed survey lately made with the help of the 
accurate maps now available, showed that the true boundary of the 
lower Vindhyans lay further north than it had been drawn on the 
very ’ imperfect maps used at the time of the original survey. A 
microscopical examination of the porcellanite beds in the transitions 
shows that they are of a cberty nature and show no indications of a 
volcanic origin. 

At Ghurdah the lower Vindhyan outcrop is again reduced in 
width and no sign of the porcellanites is to be seen. Though no fault 
could be traced on this section, it is probable that these beds are here 
cut out by a strike fault, for they are well developed a short distance 

f 164 ) 



THE COUNTRY EAST, BTC. l6j 

to the east and continue from thence along the valley of the Son 
till they are finally hidden by the Gangetic alluvium. 

East of Gurdah the lower Vindhyan boundary trends southwards 

Country cut of Gurdab before a generally east-and-west 

und Ag on. course. The scarp of the upper Vindhyans 

follows a similar course about 6 to 8 miles east of the lower Vin- 
dhyan boundary, exposing a large area of the rocks of this series 
between Kajrahat (Kujrahut), Agori (Agoree Khas), and Markundi 
(Murkoondee). 

The lower boundary has been mapped by Mr. Vredenburg in detail 
on the accurate maps now available. He found the limestone of the 
basal stage everywhere well developed and overlying the basal conglo* 
merates, except for a short distance in the valley of the Rer (Rehund) 
river where the limestone is in direct contact with the transition. 
Overlying the limestone come the beds of the porcellanite stage, 
which form a number of low hills about Beldaha (Bildeh) and 
Rauradih (Bowradeeh). To the east the ground is thickly covered 
with recent deposits, the only exposures west of the Ghaghar (Ghagar) 
being two small groups of low hills west of Markundi and north-east 
of Salkhan (Sulkhun), which will be referred to further on. 

The porcellanites are again seen in the bed of the Son at Chopan 
and can be traced thence eastwards. East of Kota there are several 
exposures, by the roadside, of a conglomerate, similar to that seen 
north of Khaira, in which the pebbles are of a porcellanite like those 
found in this stage, imbedded in a matrix of similar type. 

In the Ghaghar at Markundi there is an extensive exposure of 
blue limestone dipping east-north-east, and to the 

Limestone in the Gbufinr« r 

east of this numerous exposures of shales with 
large rounded black calcareous concretions, the typical rock of the 
upper Kheinjua stage, followed by bedded limestones of the Rohtas. 
The exposure of Rohtas beds is fairly continuous though much 
less than the normal thickness round the edge of the Kaimur sand* 
stone, but west of the Markundi ghit (Aikpowah ghit) the upper 
* ( *65 ) 
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Vindhyans extend down into the low ground, and the older beds are 
covered by recent deposits. 

' We may now return to a consideration of the low hills by Salkhan 
and Markundi. They are twice referred to in 
Hiib mt Salkhu. Mr. Mallet’s memoir, once in the memoir itself 

(page 45), where the Salkhan hill is referred to as an inlier of the 
transitions. In the note appended to the memoir, and embodying the 
results of a later examination, this hill is referred (page 127) to the 
basement beds of the lower Vindhyans. Mr. Vredenburg, who visited 
these hills in the course of his survey of the lower stages in this 
neighbourhood, took the same view, basing his conclusion mainly on the 
presence of a glauconitic sandstone very similar to one found at 
some places among the basement beds. 

Closely connected with the question of age of these sandstones is 
that of the limestone at Markundi, which was regarded by Mr. Mallet 
as the equivalent of his No. 7, by Mr. Medlicott and by Mr.Vredenburg 
as No. a, or as the limestone of the basal stage. Mr. Mallet's ascription 
of this limestone to his No. 7 is with difficulty reconcilable with his 
reference of the Salkhan sandstones to his No. 1 ; on the other hand, 
the relation of the Markundi limestone to the nodular shales west 
of the Ghaghar is inconsistent with .its reference to the basal 6tage, 
and it must be Mr. Mallet's No. 7 or some other limestone in the 
basal stage. This being so, it is difficult to account for the absence 
of the porcellanites anywhere round the Salkhan hills if these are 
formed of the basement beds, but all difficulty disappears if we 
regard them and the Markundi hills as formed by bard sandstone 
bands in the Kheinjua stage. The general dip along the axis of the 
Open anticlinal, by which the boundary of the upper Vindhyans is 
thrown to the south, is very small, the Kheinjua outcrop should, 
consequently, have a great breadth in an east and west direction here; 
and if we had the lowest beds of the series brought up to the surface, 
there would be no room for their exposure, nor would it be easy lb 
account for the absence of outcrops of the porcellanites without 
( 166 ) 
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invoking the aid of faults which cauoot be traced io the main bound- 
ary of the lower Vindhyans. 

This area is remarkable, as containing the only known case of 
intrusion of an igneous rock in the lower Vin* 

igneous intrusion. dhyang . ln the stream-bed close to the vilbge 

of Pataudh (Putwud), a dyke is exposed cutting the shales of the 
lower portion of the Kheinjua stage. Two others were seen on the 
track between Pataudh and Kanch (Kunuch). In each case the 
rock is very much weathered and has a soft ochreous and <buff 
coloured weathered coating ; with some trouble I was able, after 
breaking through this, to get some fragments of small cores of a 
comparatively unweathered grey rock, specific gravity 2*85, showing 
numerous small granules on the fractured surface. Under the 
microscope the rock consists of a ground mass of interlacing crystals, 
decomposed beyond possibility of recognition, while the granules are 
seen to be colourless almost spherical casts, lined with quartz crystals 
and not infrequently containing a few grains of an opaque min- 
eral. Many of these, where they have been cut nearly through the 
centre, show a distinct approach to a hexagonal outline with rounded 
corners, resembling sections of leucite crystals. The rock appears 
to be, in fact, a much decomposed leucite rock. 

The age of this intrusion cannot be fixed. It is certainly later 
than the outbursts which formed the ashes of the porcellanite stage, 
but how much later it is impossible to say. 

In the limestone exposure at Markundi there are some curious 
dykes of sandstone, one of which is represented 

Sandstone dykes. on Plate 2. They cut across the bedding, and 

ramify in a manner which simulates an igneous intrusion, but the 
rock which fills their veins is a sandstone composed of rounded grains 
of sand, cemented by a calcareous cement. In places this gives way 
to a limestone breccia, and fragments of limestone are not uncom* 
mon in the marginal part of the dykes. Similar dykes have been 
described by Darwin, 1 Diller, 1 Gresley,* and other observers, and 

1 Naturalist's Vova gd round the world. 

a J. S. Dillec* Sandstone dikes. Bull. Geot. Soc. Am. I. 41 1— 441 (1890). 

* W. S. Greeley. Clay veins vertically intersecting coal measures. Bull. Geol. Soc. 
Am. II, 35-58 (1808). 
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have been attributed to injection from below, as the result of 
earthquakes, or as an infilling of crevices from above. 

Mr. Diller showed, in the case of the dykes examined by him, 
that the sandstone must have been injected from below, not formed 
by infilling from above, and attributed this to earthquake action of 
the same kind which produces sand vents. Dr. Noetling in his memoir 
of the Yenangyoung oil field adopts a similar explanation for the 
shale dykes formed in that region 4 

At Markundi 1 was unable to get any direct evidence bearing on 
the origin of these sandstone dykes. The occurrence of fragments 
of limestone lying with their longer axes more or less vertical sug- 
gests that they were detached and carried upwards by the sand, for if 
they had fallen from above into an open but partially filled fissure they 
would probably be found lying more or less flat, and with their longer 
axes at right angles to the edges of the dyke. There is also evidence 
to show that they are not due to recent filling of open fissures in 
the bending up of the bedding of the limestone against the sandstone 
of the dykes as seen in Plate 2. This bending is most naturally expli- 
cable on the supposition that it is due to a slight compression either 
at the time of injection or, more probably, after the induration of the 
sandstone. The occurrence of fragments of limestone shows that this 
had already solidified at the time of formation of the fissures now 
filled by the sandstone, and this combined with the evidence of their 
age makes it piobable that, as in the American instances, the 
sandstone is truly intrusive in the limestone, and derived from a sand 
underlying the limestone. 

The transition rocks of this area are sufficiently treated in the 
Transition. chapter by Mr. Vredenburg. It will only be 

necessary to notice here the occurrence, de- 
scribed by Mr. Datta, of a curious conglomeratic rock about half a 
mile south-west of the termination of the Jungel outlier of the red 
shale series. The rock is described as a fine-grained laminated bluish 
shale, 5 or 6 ft. thick, through which small well-rounded pebbles arc 
scattered. The rock is exposed on a hillside and cannot be tracedf 
owing to the absence of exposures either eastwards or westwards* 
4 Mnin., Geol. Surv, Ind., Vol, XXVII. 
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Red (hale eerie*. 


It was not possible to determine whether this peculiar rock belonged 
to those classed as transition or to the red shale series. 

The Jungel exposure of the red shale series has been examined by 
Mr. Datta and Mr. Vredenburg. It occupies a 
narrow closely folded synclinal whose axial plane 
hades to the south-south-east, and whose southern half shows 
inverted dips. The total length of the exposure is about ia miles, 
and for 9 of these the upper quartzites form a conspicuous ridge or 
plateau, which is breached near its centre by the Pare war iPurawah) 
stream. The structure and mode of occurrence of this exposure will 
be understood from the cross-section, fig. 6. 

In this exposure Mr. Vredenburg considered that the series should 
be divided into two divisions Only. The upper of these is constituted 
by the upper stage of sandstones, while the middle and lower stages 
are grouped together and regarded as representative of each other; 
the shales, when present, occurring above the sandstones. The lower 
sandstone and conglomerate is variable in thickness, the upper part 
being sometimes replaced by shale, while at other places the 
arenaceous beds spread upwards and replace the shales. Occa* 
sionally, as at Titihadar, a considerable thickness of shale is underlaid 
by an important conglomerate ; here it is probable that there is a 
greater development of the lower stages, owing to a depression 
in the original floor of deposition. 

The lowest beds are, as usual, conglomeratic, and vary much 
in thickness. The conglomerates attain their maximum thickness at 
Titihadar, where they form high precipitous hills which stand up like 
gigantic walls, the artificial appearance being enhanced by the large 
and irregular-shaped fragments of which the conglomerate is com- 
posed. 

East of the Parewar stream this conglomerate maintains its import- 
ance for more than two miles, forming an irregularly serrated ridge* 
The conglomerate then decreases in thickness and the ridge sinks to 
the level of the plain, only occasionally rising above the level of the 
recent deposits, It becomes more important towards Jungel, but con- 

. (, *9 ) 
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tains numerous shaly bands. At the eastern extremity it is coarsely 
conglomeratic. 

West of the Pare war river tbe basal conglomerate after rapidly 
diminishing in thickness disappears, and shales are in direct con- 
tact with the underlying transitions. Further west the conglomerate 
re-appears and is seen at the western extremity of the outcrop. 

Along the southern border the conglomerates are found in vari- 
able thickness, where not covered by recent deposits, but nowhere 
attain the thickness or conspicuousness exhibited at Titihadar. 

The pebbles in the conglomerate are usually well rounded, often 
of large size. They consist of vein quartz, red jasper, and various 
kinds of sandstone, some of which are themselves conglomeratic 
and contain Bijawar fragments. 

The shales are of the usual type, but more slaty than is often the 
case and show greater signs of compression than those near Ghurder. 
They are usually purple and always very siliceous, passing readily 
into an impure sandstone. Under the microscope they are seen 
to consist mainly of quartz and mica, coloured by an admixture of 
'oxide of iron. They are more gritty and generally less developed 
on the south side of the syncline and for a short distance, near the 
southern boundary south-west of Jungel, are wanting; this may, 
however, be due to a small fault cutting them out. 

The thickness of the two bottom stages combined is from 300 to 
500 feet, but they show great individual variations owing to the man" 
ner in which the one type of deposit is horizontally replaced by the 
other. 

The sandstone of the upper stage is of moderately fine grain, with 
occasionally scattered pebbles. Under the microscope the grains 
of sand are seen to be well rounded, but they have all been enlarged 
by secondary outgrowths of quartz. Some of the grains are aggre- 
gates of smaller grains, indicating their derivation from some older 
sandstone. The quartz is traversed by numerous lines of fluid 
inclusions, which must have been formed, in part at least, subse- 
quent to the consolidation of the rock, as they run through the second* 
( *7«» 1). 
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ary extensions of the original grains and even across several of 
these. 

In thickness these sandstones attain fully 1,000 feet ; they not only 
occupy the greater part of the area of the outcrop, but also its most 
conspicuous feature, rising into a bold plateau, whose steep sides and 
deep gorges form a great contrast to the lower, more irregular, and 
scattered hills of the surrounding transitions. 


( * 7 * ) 
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Chapter XI.— ECONOMIC GEOLOGY. 

(R. D. Oldham.) 

There is an almost complete absence of minerals of economic 
value in the region under description. The only 
Iron. mineral industry in actual operation is that of iron 

manufacture. This is manufactured from haematite or limonite in 
several villages in Rewah territory, the iron being utilized locally in 
the manufacture of axes and agricultural implements. The industry 
is evidently much smaller than in former days when there must 
have been a considerable export of iron to supply the needs of the 
population in the Gangetic plains, and great heaps of iron slag are 
commonly met with in the Son valley and in the northern part of the 
transition area. The manufacture as carried on in Rewah State 
presents no peculiarities worthy of notice. 

Copper was formerly worked at one place about 1 1 miles north- 
east of Cherka, the old mine being locally known as 
Copper. „ Khodawn.” The old incline, by which the 

mine was entered, is still open at the surface, descending at an angle 
of about 15°. The rocks exposed are dark, mostly purple or violet 
coloured micaceous slate, passing into black-coloured rock. They 
stand vertical with a general strike to N. 35 E. Right in the centre 
of the roof of the incline the beds are crushed and there is less 
than a foot of very ferruginous stuff, apparently the gossan of the 
lode, which, as well as the slates on either side, show occasional 
green patches, due to copper staining. I was not able to enter 
the incline owing to the overpowering stench produced by the dung 
of the innumerable bats which use the tunnel as a refuge during the 
day, and no special attempt to penetrate along it was made as barely 
20 feet from the entrance, as measured along the surface, begins a 
long hollow caused by the falling in of the old mine. This hollow 
extends for a couple of hundred feet along the strike of the rode, 
is about 15 feet deep, and three times that in width ; on either side 
the rock stands up showing the bare vertical bedding planes, stained 
( * 7 * ) 
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here and there with copper. From the size of the depression formed 
by the falling in of this mine, the rein must have been followed and 
worked to a considerable depth, but no record or even tradition of the 
working of the mine remains. 

On Captain Sherwill's geological map of Bengal, 1 copper is marked 
in a position which should be near Fagwa. Mr. P. N. Bose 
reports that there are some old diggings near this village ; at one 
place a vein in quartzite, parallel to the strike, seemed to have 
been worked for a distance of about 5 ° yards. Mr. Bose, however, 
reports that he saw no trace of copper in the rocks and can 
give no indication of the object of these workings. Captain 
Sherwiirs note on his map, which is a mere skeleton one, more 
probably refers to the copper working near Cherka, unless indeed it 
was founded on a baseless rumour 

On the same map copper is marked south of Bardi, but nothing 
was seen or heard of any copper workings in this neighbourhood. 

Galena occurs in small quantities in the limestones of the Rohtas 
^ ^ stage, but does not seem to have ever been worked. 

The quantity, in all the cases where any has been 
seen, is far too small for this, as it only occurs in minute strings and 
isolated crystals. 

An old lead mine near the village of Urgarhi, in the gneiss 
area, was prospected in 1892-93 by Mr. R. A. D. Sewell, and 
a vein of galena and quartz some 9 inches thick was found at a 
depth of 30 feet from the surface. The galena on assay yielded 
6r6 per cent, of lead and 7 oz. i6dwt. 14 gr. silver to the ton of 
lead.* 

1 Geological map of the Northern Front of the Vindhya Hills, extending from Allahabad 
to Rajamahal, showing the position of all the known Coal Beds of that tract, and also of the 
Silver, Copper, Lead and Antimony localities as well as the Principal Iron Measures. Sur- 
veyed and constructed by Captain Walter S. Sherwill, 66th Regiment, Native Infantry, Revenue 
Surveyor, in 1843 to 1851. 

* The specimens referred to in Dr. Ball’s Volume of the Manual of the Geology of India 
(Vol. HI, Economic Geology, p. 348) as coming from * near the village of Burgowa, 10 miles 
south of Burdi pargana.” The mine is five miles north-west of B&rgawa, the head-quarters of 
ooe of the principal Thakurs of this part, and is in the southern part of the Bardi pargana. 

( *73 ) 



174 GBOLOGY OF THB SON VALLEY, BTC. 

Lime and building stones of excellent quality are found in great 
abundance in the rocks of the Vindhyan system, but are worth- 
less owing to the expense of transport and the absence of a local 
demand. 
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GEOGRAPHICAL INDEX TO PLACES MENTIONED IN 
THE PRECEDING MEMOIR. 

Latitudes and longitudes are given to the nearest minute and 
taken (rom the standard sheets on scale i*=i mile. The longitudes 
on the map accompanying this memoir, which are taken from the 
sheets of the Atlas o( India, will sometimes be a minute further east 
than that given in the Index 


Place 









Latitude 

Longitude 

Agori . 








a 

24 ° 33 ' 

82° 30' 

Amlai . 








a 

3 4 ° 17' 

8i° 25* 

BaghAia . 








a 

24 ° 24 ' 

82-45' 

Baghar . 








a 

24 e 17 ' 

8i° 28' 

HaghAwa 





a 



a 

24 ° 29' 

8i® 50' 

Ragra • 





• 



a 

24 ° 24 ' 

82° 45' 

Baheria • 





• 



a 

24 ° OI' 

81-05' 

Baikona 





• 



a 

24 ° of 

8i° 14' 

RakAili . 





a 



a 

24° 09' 

8i° 16' 

Bakura . 





• 



a 

24 ° 15 ' 

8i° 24' 

BannAi • 








a 

24° 22' 

82* 29' 

Bardela . 





• 



a 

24 * 18' 

8i° 29' 

Bardi 





a 



a 

24* 32' 

82° 25' 

Barpama 





• 



a 

24 ° 29' 

8i° 54 # 

B*rgar • 





a 



a 

24 ° 34 ' 

82° 45' 

BargAwa 





i 



a 

24 0 12' 

82° 26' 

BargAwan 








a 

24 ° 36' 

82* 57' 

Barhat • 









24 0 31' 

82° 27' 

Rarhata . 









34 ° 04' 

81® 14' 

Barhatola 









24 0 05' 

8i®ao' 

BArtona • 





a 




24 ° 13' 

8i q 21' 

Batrani • 





a 




24° 20' 

83 ° 02* 

Bauradih 





a 



a 

24 ° 34 ' 

83 ° 04 ' 

Bela 








a 

24 ° 13' 

8i° 20' 

BalAwa . 





a 



a 

24® 26' 

82® 33' 

Beldaha 





a 



a 

24 c 35 ' 

» 3 ° 03' 

Bhaghor 





• 



a 

24 0 33 ' 

82® 21' 

Bhanni • 








a 

24 ° of 

81® 26' 

Bharra • 





• 



a 

24 ° 23' 

82® 15' 

Bhelki . 





• 



a 

34 ° 26' 

81® 49 ' 

Bhitari • 





a 



a 

24° 2 f 

8i® 5a' 

BhomrAha 





a 



a 

24 0 07' 

81® 24' 

Bichiadol 





a 



a 

24 ° II' 

82® 09' 

Bijaigarh 





a 



% 

a 

24 ° 34 * 

83 * 14' 

Boorgaona 





• 



a 

24 * W 

81® 24' 

Chakari 








a 

24 ° 28 ' 

8*° 

Chatni . 





a 



a 

24 ° 37' 

82® 34' 

Cherkk . 
Chewpahlr 





a 

a 



a 

a 

24*04' 

24 ° 27 ' 

8l° ji' 

8 a* 3 J 










( 
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Place 

CbiUn . 

UunfO . 

Chopin • 

Churhmt . 

Dadn 

Dtofuba 

Dion 

Daortha 

Dembha 

Dm 

Ltoocm 

Deora 

Deon 

Dean 

Deon 

Deotar . 

Dbolki . 

Diboli . 

Devaload 

Dol 

Do wire. 
Duiri 
Dubhiabkr 
Uuena • 
Gingi . 
Garhara 
Ghara 
Ghidaora 
Ghungta 
Ghurder 
Ghusra . 
Gidela . 
Ginaor . 
Girwi • 
Gurdah . 
Goraan • 
Hardi . 
Harph&ri 
Hioaoti • 
Hrnaoti • 
Hurma . 
JagrLowa 
Jarkarua 
Jhala . 
Jhinna • 
Jbokbo . 
Jholukhor 
J«ftgel . 
Kachinac 
Kachra . 
Kaithdha 


UrtTUM Lunoitioi 


uT *7' 

•i* y 

24° I6 f 


*4* 3«' 

«&•<*' 

*4° ay 

*i # 4*' 

*4* M' 

sa* 11' 

M* 17' 

Si* 19 ' 

24° ai* 

S3* 03' 

24 * 19' 

Si* * 4 ' 

24° 17' 

81 * 39' 

24° 10' 

Si* is' 

24* ir 

Sa* as' 

24* 29' 

8a* 38* 

24° 09' 

Si* 39' 

24° »y 

Si* 04' 

24* 25 # 

8a* 31' 

24° 12* 

8a* 19' 

24° Jl # 

8a* 51' 

24° 30' 

Si* 53' 

24° 12* 

Si* 20' 

24° 23* 

8a* 13' 

24° 26* 

8i° 46' 

24° 22* 

81*34' 

24° 05* 

81 * 18' 

24° 07' 

Si* 04' 

24° 32* 

8a* 3 a* 

24° 17' 

Si* as' 

24° 08* 

Si* a6' 

24° 21* 

81° 35' 

24° 19' 

81” 3a' 

2 4 ° 23* 

8a* ai' 

24° 07' 

Si* is' 

24° 15' 

Si* 13' 

24° 37* 

8i* 4»' 

24° 27* 

ba* 38' 

24* 36' 

83*0./ 

34° 13' 

8i* 05' 

23° 58' 

VI* 09' 

24° 26* 

8a* 34' 

24° 18* 

Si* x/ 

24° 33' 

8a* 13' 

24° 33' 

83* 34' 

24° 26* 

S3* 35' 

24° 3°* 

S3* 5*' 

24 C 21* 

Si* 35' 

24° 13' 

8l° 18' 

24° 36' 

83* 16' 

24° 22* 

8a* 09' 

24° 3i' 

83*54' 

24° »l' 

88* os' 

24° oqf 

8S” 01' 

24° 21* 

8l* Si' 

34 # 3j' 

8 J* 06 ' 


Kajrahat 

( *76 ) 
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Place 

Kiock 



• 






Latitude 
24* 29' 

LOMOfTUOK 

83- 06' 

Klonow 



• 






24 ° 0 s' 

8l* J2 / 

Kan war a 



• 

• 





24° 14 ' 

81* 22' 

Karoundia 



a 

• 



a 


24 ° 20* 

Si 0 45' 

Kata oh 



• 

• 



a 


24 0 23' 

8i° 37' 

Khaira • 



• 

• 



• 


24 0 25' 

82° oy 

Khaira • 



• 

• 





24 ° 32' 

82° 30' 

Khajuri • 



• 

• 





24° II' 

8i° 13' 

Kbartra 



• 






24 s 04' 

8i* 16' 

KhatUi . 



a 






24 ° 32 ' 

82° 37' 

K boo mar ha 



• 






24° 16' 

8 1* 17' 

Koludi . 



• 






24 ° 30 * 

81* 5a' 

KosAi • 



• 




a 


24* 34 ' 

82* 45' 

Kota 



a 

• 



a 


24° 27' 

83 * 10' 

Kua • 



• 

• 



a 


24 ° 24' 

8i° 38' 

Kua 



• 

• 



a 


24° 02' 

8i° 10' 

Kubri , 



a 

• 



a 


24 ° 14 ' 

8i* 24' 

Kudri • 



a 

• 



a 


24* oS' 

81® 03' 

Kushra&hAr 



a 

• 



a 


24 ° 19 ' 

8i° 45 ' 

Kusma 



• 




a 


24 0 ll' 

8»* ir 

Kutmani 



a 

• 



a 


24 ° 13 ' 

81* 31' 

Lak Haora 



a 

• 



a 


24° 28' 

Si° 53 ' 

&.tllwah . 



a 

• 



a 


24° 34* 

82* 14' 

Madhopurwa • 


• 

• 



a 


24 * 24' 

8a* 29' 

M ah Adi bur 



• 

• 



a 


24* I o' 

Si* 18* 

Majgama 



a 

• 



a 


24* 19 * 

Si* 22' 

Maoghur 



a 

• 



a 


24 0 30' 

82° 42' 

Maoli • 



• 

• 



a 


2 4 ° II' 

82° OS' 

Marti » 



a 

• 



a 


24° ° 7 ' 

8i° if 

MarAich 



a 

• 



a 


24 0 11* 

82* 06' 

Margarh 



a 

• 



a 


24 ° 03' 

8i° 13' 

Marjatpur 



• 

• 



a 


24 * 15 ' 

81° if 

Markuodi 







a 


2 4 * 36 ' 

83* 06' 

MarhwAs 



a 

t 



a 


2 4 ° 07' 

81" 50 # 

Marwir 



a 

• 



a 


24 0 1 2 * 

8r* 03' 

MAta . 



a 

• 



a 


24 e 15 ' 

»i* 45 / 

Mirgaoti 



a 

• 



a 


24* 09' 

8i* of 

Missirgama 



a 

• 



a 


24 ° 25 ' 

8l* 4V 

Moherta 



a 

• 



a 


24* 32' 

82° 44' 

NAkni . 



a 

• 



a 


24 0 io' 

8i a 2 f 

Nando . 



a 

• 



a 


24 ° 09' 

82° 02' 

Naogai • 



a 

• 



a 


24° 27' 

82° 3®* 

Naogdroa 



a 

• 



a 


24° 15' 

8i* iff 

Naoria • 



a 

• 



a 


24 * 11' 

8l* 32' 

Narwar • 



a 

• 



a 


24° 06* 

8i° 15' 

Naugi • 



a 

• 



a 


24 ° 3 *' 

82° 45' 

Pabla • 



a 

• 



a 


24 ° * 7 / 

8i° 38' 

PahAri , 



a 

• 



a 


24 ° 3 *' 

82 ° OS' 

Panrui • 



a 

• 



a 


24° 02' 

8i* 16' 

Pander t 



a 

• 



a 


*4° 03' 

8i* 

Pataudh * 



a 

• 



a 


84 ° 32 ' 

83 ° Of 

Patpira 



a 

• 



a 


• 4 * 18 ' 

8i* 56 

N 
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Place 

Pa wa • 

Piparwaat 

Piperadol 

Pokhra • 

Ponri 

Pori 

Rac«ar • 
Raidooria 

Raikhor . 

Ramgarh 

Ramnagar 

Ram pur • 

Reht • 

Raiwas • 

Rimar 

Rudayli • 

Sabiol • 

Salkhan 

Samaria 

Saria 

Sarsi • 

Siru • 

Scjire . 

Seodhwa 

Sendura 

Shihargar 

Sidi 

Silpi . 
Sirvta « 
Sisla din 
Sitkuri • 
Sukwari 
Sulkma . 
Sureyha 
Susnii • 
Tagwa • 
Til 

Tarkg, . 
Tikat # 
Tikhwa 
TiUhadir 
Ucheyra 
Urangi • 
Urgarhi • 


UttTttDl 
2A m *7' 

24® 

* 4 ® I 3 # 
*4° n # 
24° 08' 
24 ° 22’ 
24® 21* 
24° 1?' 
24* 2l # 
23° 58* 
24° 12* 
24* 20' 
24* 24' 
24° 25' 
34° *2' 
24* 34' 
24° 33' 
24° 35' 
24* 22* 
24° 12* 
24° 04' 

24° *2' 
24° OS' 
24° *3' 
24° 16* 
24° OQ* 
24® 23' 

24° 36* 
24* 28* 
24° 28* 
24° 10* 
24® OS' 
24° of 
24° 04* 
24° a8* 
24 d If 
24® II' 
24° *4' 
24° 28' 
24® 01' 
24® 3* / 
*4® 14' 
24® 30' 

*4® 14' 


Lovqitqds 
81* 4 r 
82* 3* 

82® 

84* oT 
8 a° oi' 
81*4^ 

8a° 14' 

8i° 25' 

84° 32' 

84° 07' 

8i° la' 

8i e 31' 

82° is' 

8i° 34' 

8 i° 20 ' 

83° op' 

82 ° if 
83° 05' 

81* 46* 

8l* 2i # 

8i° 04' 

82* 05' 

8i° 23' 

81° 37* 

8i° S* # 

8 a* 20' 

8a° ss' 

82* 50* 

82° 31' 
82*31' 

8i° ir 
8i° 02' 

8i* 01' 

8i # 43' 

83® 13' 

82° oo* 
82^01' 

82® II' 

81® 46' 

8i # 

82® 47' 

8i° i8 f 

82* 31' 

8 a* 24' 
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MEMOIRS 


OF 

THE GEOLOGICAL SURVEY OF INDIA. 


A Geological Sketch of the BalOchistAn Desert, 

AND PART OF EASTERN PERSIA, by E. VREDENBURG, 
A.R.C.S., Assistant Superintendent , Geological Survey 
of India. 

Part I. 

GENERAL. 

Chapter I.— INTRODUCTION— PREVIOUS OBSERVERS. 

During the cold season of 1898 to 1899, I had an opportunity of 

Rud followed by the geologically examining a portion of the north- 
P art *- western territories of Baluchistan and some ol 

the adjoining districts of Eastern Persia. I accompanied the Political 
Assistant of Chagai during his usual cold weather tour, and, as I 
was more or less tied down to his line of march, i did not enjoy 
much facility for examining the geology of the district. Most of this 
region is a desert of stones bounded to the north and south by hill 
ranges; the “ Seistan road 99 which we followed from Nushki to 
Malik-i-Si£h K6h (or K6h-i-Malik«Si&h), is a mere camel track run* 
njng across the desert plain. The track usually lies at a great 
distance from the hills, and throughout the plain all the older rocks 
are concealed beneath sand duties and recent agglomerates. Ac- 
cordingly, 1 reached the Persian frontier having had nothing but 
» ( * ) . 
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tbe most meagre opportunities for geological observation, with the 
exception of a short visit to the volcanic mountain K6h-i-Sult4n. 
On the 19th of January 1 reached Malik-i-Siih-K6h where stands 
the boundary pillar that marks the triple limit of Afgh&nistAn, 
Baluchistdn and Persia. From Malik- i-Si£h-K6h we parted with 
the Political Assistant and travelled up to Mirjawa through the 
Persian province of Sarhad. Here we again met the Political Assist* 
ant. After a very short visit to the active volcano K6h-»-TafdAn I 
parted definitely with him and travelled back from Mirjawa to Nuskhi 
either alone or in company with Mr. G. P. Tate of the Trigono- 
metrical Survey. I was able this time to remain one week in the 
K6b-i-Sultin and examine a number of other ranges ; unfortunately 
the season was by this time far advanced and I was not able to spare 
tbe time necessary for unravelling many interesting problems. 

It is a duty and pleasure for me to express my best thanks to 
Mr. Tate to whose kindness, and knowledge and experience I am 
indebted for much help and assistance throughout the journey. 

Confining both on Persia and Balfichistin, and including as it 
does some of the most inhospitable portions of 

Previous observers. . , . ... . . 

either country this region has been seldom 

visited. Explorers of Baluchistan have seldom proceeded so far 
west, while the numerous scientific expeditions in Persia have 
not generally reached so far east. Travellers proceeding by land 
from India to Persia or vice vend usually avoid tbe desert as far 
as possible and traverse the more populous districts to the north 
or to the south. Tbe few descriptions that have bean published are 
either works of general interest, or else dost with questions of physi- 
cal geography rather than purely g e o l og ical enquiry. 

The earliest explorer of Persian BalucbistAn in the present 
century was Captain Grant who visited the country in 1809. But Ms 
route lies entirely west cf tbe regions described in the present 
Memoir* 1 

• Joarapl at a ttVSa through (he Wertaca Part* cf Mcfcrte, by Captain N. f,| Grast 
Joara. Roy. A*. Sac., Voi. V (1839), pp. 328*348. 
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til 


to i8iO| Pottingcr traversed the desert of BaMchistdn from 

Pottineer and ChrWie Nushki to BamptSr, the road followed b r him 
(1810). lying mostly at some distance to the south of 

the region which 1 visited* He has recorded some interesting obsef* 
vatioos on the district in his u Travels in Baloochistan and Sinde ,f 
(London, 1816), which also contains some extracts from the diary of 
Captain Christie who travelled from Nushki to the Helm&nd and 
thence to Seistln. 

There is some useful information in the journal of Hiji Abdul 

H*ji Abdul Nabi Nabi K 4 bul w ^° travelled in Baltichistii* 
(1838-39). during the years 1 838-39.' But his observations 

refer almost entirely to districts south of those which I visited* 

Ou the other hand, the journey accomplished by Captain Edward 
Conolly and Sergeant Cameron was through dis- 
tricts lying further north. In his " Sketch ot 
the Physical geography of Seistan”*, Captain Conolly gives an in- 
teresting description of that province which I was unfortunately 
prevented from visiting although I travelled up to its boundary. 

Seistin was also visited by Leech in 1840, 1 Farrier in 1845, 4 and 
Khanikoffin 1858. 6 

Dr. Cook’s 14 Topographical and geological sketch of the province 
of Sarawan, or northern portion of the table- 
land of Beloochistan is concerned directly with 
geology, but refers to a district situated east of the one which 
1 studied* 


Conolly, 1839. 


Cook, 1861. 


1 Notes taken on a tour through parts of Bkloochistan, in 1838 and 1839, by Hajee 
Abdun Nabee of Kabul. Journ. As. Sex. of Ben., Vol. X1IT (1844), pp. 667*706 and 786-826* 

* Journ. As. Soc. of Ban., Vol. IX (1840), pp. 710-736. 

• 11 A Description of the Country of Seisthan,” by Lieutenant R. Leech* Journ. As* 
Soc. of Ben., Vel. Xfll (1844), pp. 115-120. 

4 u Caravan Journeys and Wanderings in Persia, Afghanbtaa, Turkistan and Beloo- 
chistan,” by J. P* Ferrier. London, John Murray, 1856. 

# " Memoirs sur la Partie Mlridionale de l'Asie Cent rale,” par Nicolas de KhaaikoR. 
Paris, 1862. * 

4 TransactionAof the Medical and Physical Society of Bombay, No. VI, New Series 
(VP- 1-44). 

b a 


( 3 ) 



I*a VREDENBURG : SKETCH OP BALOCHISTAN DESERT. 


The boundary commissions of 1870*72 which defined the eastern 
frontier of the Persian Empire in the Mekrin and in Seistftn afforded 
ample opportunity for the study of those districts till then so seldom 
visited. The results of these Investigations have been recorded in 
the first volume of u Eastern Persia/ 1 and in various contributions 
to scientific publications. 1 

In 18721 Dr. Blanford accompanied by Sir 0 . St. John accom- 
plished a journey the results of which both 
W. T. Blanford, 1871. . 

zoological and geological are given in the second 
volume of “ Eastern Persia Although the districts examined by 
Dr. Blanford lie west of those upon which I am reporting, yet this 
is the most important contribution bearing directly upon the geology 
of the region. Upon perusal of this work, anyone who has travelled 
in the desert of Baluchistin cannot but be struck by the evident 
similarity of the adjoining Persian provinces. In fact, from a 
geographical as well as a geological point of view, the two evidently 
belong to one region. Amongst the points which particularly invite 
attention are the almost exclusive predominance of upper cretaceous 
and lower tertiary strata, the volcanic rocks of the same age 
associated with them, the high angles of dip and considerable 
amount of disturbance of these rocks. 1 The recent deposits, the 
gravel terraces, the various features of the physical geography are 
quite similar to what is seen further east Many details of great 
interest are given respecting the recent and sub-recent cones of the 


1 Eastern Persia, an account of the Journeys of the Persian Boundary Com mis sion, 1870-71* 
73. Vo!. 1 . The Geography with narratives by Majors St, John, Lovett, and Ewan Smith and 
nn Introduction by Major-Gaoeral Sir F. J. Goldsmid, C.B., K.CS.I, London, Macmillan 
and Co., 1876. 

** Journey from Bandar Abbas to Mash-bad by Rbtan, with some account of the last* 
named Province,” by Major-General Sir F. J. Goldsmid. Journal of the Royal Geographi- 
cal Society, Vol. XLII 1 (1873), pp. 65-83. 

“ Narrative of a Visit to the Kuh-i-Khwnjah in Sistao,” by Major B. Lovett JL Vol. # 
XLIV (1874), pp. 145*153. 

3 f * Eastern Persia. Vol 11, the Zoology and Geology,” by W, T. Blanford (London 
117 *). 

1 lb, p.461. I 
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MacGregor, 1877. 


C. L. Griesbacfa, 1884. 


western portion of the volcanic district to which belong in an 
easterly direction the K6h-i-Tafd4n and Kdh-i-Sultin described in 
the present Memoir. 

Dr. Bellew who accompanied General Pollock's mission to Seistln 

in 1872 has written some interesting descrip* 
Dr. Bellew, 1872. ... , r 

tions of that province. 1 

The physical geography of the same region has also been dis- 
cussed by Sir H. O. Rawlinson io his “ Notes on Seistan.”* 

A few details of scientific interest are given incidentally in 
General MacGregor’s “ Wanderings in Baloch- 
*c e * or ’ ,8?7 ' istan ” (London, Allen and Co., 1882) in which 
he describes a journey performed in the company of Captain 
Lockwood during the year 1877. The route which they followed 
largely coincided with the one travelled over by me. 

The members of the Afghin boundary commission of 1884-85-86 
marched first from Quetta to Nuskhi ; but 
ie* c , 1 . beyond ^3 p 0 j nt the route they followed ran 

north of the one which I visited. The geological features of the 
road from Quetta to Nushki, and in the neighbourhood of the latter 
place, have been described by Mr. Griesbach in the Records of the 
Geological Survey. 1 

In Lord Curzon’s ** Persia and the Persian Question ” (London, 
1892) a very useful rdsumd is given of the knowledge gathered up 
to the date of publication of the book, concerning the eastern dis- 
tricts of the Persian Empire. 4 

In 1893-94, Colonel Sykes and Major Brazier-Creagh performed 

lliiiin r n mi ali ud a j ourne y through Eastern Persia from ChSubar 

SykM, 1893-94. on the Mekrin Coast up to the region imme- 

diately adjoining the one dealt with in the present Memoir in the. 

1 49 Record of the March of the Mission to Seistio under the command of Major General 
f >R* Pollock 1 C.S.L,” by Surgeon H. W. Bellew (Calcutta, 1875). 

49 Prom the Indui to the Tigris 99 (London, 1874). 

' 1 Jowh* Royal Geographical Society, Vol. XLIII (1873)* pp. 373 094* 

• M Afghin Field-notes,” by C. L. Griesbach. Rec. Geol Surv. lod., Vol. XVIII (188S), 
>P*S7«4. 1 

4 Vol, I, pp. 833-844 i Vol. II, pp. 837-387* 
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Persian province of Sarhid. Major Brazier«Creagh collected, 
amongst the recent volcanoes, a very interesting series of specimens 
which were examined at the Office of the Geological Survey of India 
and described in the Records. 1 An accoint of the journey is given 
by Colonel Sykes in his 14 Recent Journeys in Persia , \ l 

Our geographical knowledge of these regions was completed by 
the Afghln-Baluch boundary commission oi 1894-96, and the Pcrso* 
Baluch boundary commission of 1890/ 

1 travelled through several of the localities visited by the members 
of these commissions, which has enabled me to complete some of 
the geological data connected with the mode of occurrence of the 
specimens which they collected. The route followed by the Afghin- 
Baluch boundary commission in 1896 coincided in several places 
with my own line of march ; and in that year, two series of speci- 
mens were collected respectively by Dr. F. P. Maynard and Captain 

_ w . r . A. H. McMahon. The former collection was 

McMahon, 1896. described by Mr. Holland in a paper read before 
the Asiatic Society of Bengal in December 1896, and published in 


T. H. Holland, 1896. 


the Records of the Geological Survey of India. 4 
The second collection was examined by General 


McMahon who read a description of the specimens before the 


Central McMaho., Geological Society of London in March 

,8 97- 1 897.* 


■ Roc. Geol. Bar*. lad., Vol. XXX (1897), pp. 253 *54. 

• Geographical Journal, Vol. X (1897)* PP- 5^-597 • 

I fi The Southern Borderlands of Afghanistan,” by Captain A. H. McMahon, C.I.E. 


Geographical Journal, Vol. IX (1897), pp. 393-4 1 5- 

** The Perso-Beluch Boundary," by Colonel T. H. HoMkb, R»E. Ib, pp. 416 432. 


• "An account of the Geological specimens collected by the Afghia-Baldch Boundary 
GemmMon of 1898," by Thomas H. Holland, Rcc. Geol. Sun, Ind* Vol, XXX (1897), pp. 

• « Notes on some Volcanic and other Rocks, which occur near the Baluchistan Afghan 

Frontier, between Chaman and Persia," by Lieut-Genl. G. A. McMahon, V.P.G.S* 
and Capt. A. H. McMahon, F.G.S. Quart. Journ. Geol. Soc* Vol. LUI (1897b 

pp. 289*809* 
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Chapter H.-PHYS1CAL FEATURES. 

Section i. —General Characters. 

The country examined ia included within the parallels 38*3 o' 
_ and 3o°N., and the meridians 6o°3o' and 66*E, 

Geographical situation. . . 

It may be roughly divided into two regions» each 
posseting a different type of structure. The northern part is mostly 
a great desert plain with a few groups of hills irregularly scattered 
about it, and extends northwards as far as the Helmand river and 
even beyond. To the south-east) south and south-west, this com- 
paratively low-lying area is bounded by "ranges of mountains in 
parallel or rather concentric ridges forming roughly an arcof a circle. 
To the extreme east and extreme west of the region visited, at 
Nushki and at K6h-i-Malik-Si£h, where the ranges strike respect- 
ively north-east and north-west, the mountains form very close-set 
parallel ridges. But in the interval between these two extreme 
points, the inner ranges, that is those bordering on the great desert, 
become gradually separated from one another by broad plains, 
mostly desert areas strewn with black pebbles, when not invaded 
already by the sand dunes. 

Throughout the region characterised by parallel ranges, the rocks 

Two types of structure. are near 'y everywhere highly folded, with a 
considerable development of slaty cleavage. 
The hills which rise in isolated groups from the midst of the great 
desert plain, on the other hand, exhibit only moderate flexures without 
any predominating direction of strike, or the rocks constituting 
them may even be quite horizontal. The broad plains above men* 
tioned as occurring between the parallel ranges partake of the nature 
Of the great desert depression ; both must bo regarded as regions of 
minimum disturbance, and they are moreover, in many cases, real 
areas <pf subsidence. This is wall shown by the structure of the 
mountains in their neighbourhood ; they exhibit in a marked degree 

( 7 ) 
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the M scaly structure ” which has been often described in the case of 
the Alps and Himalayas, and there are numerous examples of thrust* 
planes and overfolds, the thrust being always towards the low-lying 
area, whether that be north or south of the mountains. 

The contrast which exists between the structure of the parallel 
ranges and that of the low-lying districts finds 

am 

ether typ»o > afi w are no correspondence in any difference of the 
rocks constituting them. In either type of 
country, exactly the same strata were observed : they are shales, 
sandstones, and limestones, often containing an enormous proportion 
of volcanic material, and ranging in age from upper cretaceous to 
upper eocene. In a great many instances the rocks are nearly or 
quite unfossiliferous, but where fossils can be identified the above 
are respectively the oldest and newest horizons. 

In most cases the volcanic strata appear to be especially abun- 
dant amongst the upper cretaceous and earliest tertiary beds, but ash- 
beds still occur amongst strata which their fauna shows to be of the age 
of the “ Ranikot” of Sind, and in one instance, at Saindak, strata 
containing a typical “ Khirthar ” fauna rest, apparently with perfect 
conformity upon a thick bed of volcanic conglomerate. 

In addition to these stratified rocks, both volcanic and sedimentary, 
there are great igneous intrusions which are of eocene age at the 
oldest, as they are found to cut through all the marine strata above 
mentioned. They consist of granites, syenites, and diorites, with 
•ome more basic dykes. 

Apart from the recent and sub-recent gravels, which naturally 
mi occur only in the valleys and plains, the only 

rocks that are restricted to paf*tiflular regions 
are the Siwaliks: these occur along the margin of the desert plains in 
the neighbourhood of the tall ranges of older rocks. As in the case of 
the Himalayas, they usually dip towards the range which they fringe, 
the dip being, therefore, southerly, where they occur along the south- 
ern edge of a plain ; it is not always northerly as in the case of the 
Himalayas. 

; t * > 1 
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Section a.— H ydrography. 

All this region is an area of closed drainage, and, as is usual in 
regions where the rainfall is of the scantiest, the hydrographic basins 
are very irregularly and vaguely defined. Very little water ever 
reaches the great lake basins or “ hamuns," most of which are now 
barren plains of sun .cracked alluvium. The absence of rain has not 
allowed the formation of any well-marked river-course possessing an 
individuality of its own. Where the mountain ranges overlook the 
desert plain, innumerable dry channels follow the slopes parallel to 
one another. They never contain any water except for a few hours at 
a time in the rare event of a shower of rain ; not one of them eon* 
tains a stream running even for part of a season, such as would 
excavate its bed more deeply and gradually draw towards it as tribu- 
taries the supply of the neighbouring channels. Each of these 
furrows runs from the hill into the plain, following an almost straight 
course absolutely independently from its neighbours. I have observed 
"instances in which two such channels excavated to widely different 
depths approach so close to one another for a certain part of their 
course, that they are separated by nothing but a mere ridge. Yet 
even the shallower of the'two is excavated sufficiently deep to show 
that it has already existed for a lengthy period along the same course 
which it now occupies. In a country favoured by a normal and 
regularly distributed amount of rainfall, the ravine flowing at a higher 
level would have been diverted from its course to become a tributary 
of the adjacent deeper channel long before it had become so deeply 
intrenched within its own banks. After a course of five or six miles, or 
often much less, these parallel ravines become completely obliter- 
ated in the great desert plain. The topography thus produced is 
most typically represented on map 89, north of Nushki. 

Where the ranges are perhaps favoured with a little more rain- 
fall, instead of being merely furrowed along their slopes by the 
channels ^bove described, they are cut through at intervals by deeper 
channels which occasionally form narrow gorges or rifts locally called 
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** >" » physical feature which is specially exaggerated where the 

river bed traverses a calcareous band or some other hard rock, such 
as ao intrusion of diorite. This channel may represent the outlet of 
a comparatively large drainage area within the hilly region, but on 
reaching the plain its fate is no better than that of the small furrows 
jnst mentioned : no sooner has it broken through the last ridge of the 
mountains than it separates at once into a m&ny-branched delta, form- 
ing a broad and shallow cone of dejection or “ alluvial fan.” 

The talus of conglomerate skirting the hill ranges, and formed 
... „ either by the deposits of the numerous parallel 

Talas or damia. r 

channels, or by the coalescence of a series of 
'* fans, ” takes the shape of a broad inclined plane which is termed 
the " daman," that is the “ skirt” of the mountain. Owing to the 
absence of any powerful drainage, these deposits attain a consider- 
able size, and the “ daman ” reaches proportions almost comparable 
to those of the mountain whose dibris have formed it, reaching 
higher and higher upon its slopes. The gradient of these taluses is 
so low that the eye hardly realizes the great height which they reach 
up the mountain slopes, and this explains the dwarfed appearance of 
many of the hill ranges notwithstanding their considerable altitude. 

This great compound talus or “ daman,” formed as it is by a 
number of overlapping taluses and cones of dejection, is extremely 
variable in its composition, coarse conglomerates and finer deposits 
alternating in a very irregular manner. Some of the coarser deposits 
are eminently permeable and the water supplied by the scanty 
rainfall, instead of being able to remove this gigantic deposit, 
becomes stored within its mass. It is then protected against evapora- 
tion, and this explains the important part played by these talus 
deposits iu the economy of the district. From this natural 
reservoir is drawn the supply of water which flows along the artificial 
underground channels called ”k irdz” in Baldchistdn and “ kanit ” 
in Persia, or which, of late years, has been obtained with less labour 
by the boring of artesian wells, allowing many a fair oasis to flourish 
i* places that would be otherwise nothing but desert. The question 
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lias been dealt with very fully by Mr. Oldham in the Records of the 
Geological Survey . 1 

Occasionally an unusually heavy shower will cause a flood, carry- 
ing many of the boulders into the plain below. 

Stony desert or M dasht.” . , , , ^ * 

These floods, which, no doubt, were more fre- 
quent in former times, have spread the pebbles over large areas an 
the desert, giving rise to the stony plains known by the name of 
u dasht. 1 n The outer surface of nearly all the pebbles is coloured 
black through the oxidation of iron compounds; and this dark tinge 
still further increases the desolate appearance of these dreary plains, 
which occupy immense areas not only in Baluchistan, but through- 
out Persia. In the latter country they have formed the subject of 
a special study by Mr. B lan ford . 8 


Even in places where, not infrequently to this day, after an 
unusually heavy shower, large bodies of water do reach the plain 
without sinking into the ground or being evaporated, the water does 
not gather sufficient strength to give rise to a definite channel, 
except in a very few cases where a stream whose head-waters drain 
a considerable mountain region has preserved sufficient importance 
to excavate a channel through the plain. Such exceptional cases 
are those of the Lora which drains a large area of high ground in 
the neighbourhood of Quetta and whose course can be followed 
up to the great dried-up lake called after its name the u Lora 
Hamun ” Such is the Mashkhel river which gives its name to 
another shallow lake-basin, tbe “ Hamun-i~M&shkheL” Such, again, 
is the Tahlab river whose course forms the boundary between Persia 
and Baluchistan. But in most cases the water is ponded back by 
irregularities of the ground and spreads into shallow pools which 
may cover a large area, but become dried up in a few days, sometimes 


1 “ Sab-recent and Recent Deposits of the Valley Plains of Quetta. Piahio, and the P ffr b*- 
i-Bedaoiat ; with appendices on the Chamaas of Quetta ; and the Artesian water-supply of 
Qasfca and Pishin," by R. D. Oldham. Ron. Geol. &*rtr. loci, Vob XXV (jfipa), 
pp. 36-53. 

* ^On the Nature and ProbaMe Origin of the Superficial Deport** m the Valleys a«S 
Deserts mi <Pentr*l Persia by W. T. BUnferd. Quart, jenrn. Cert. Sec., Vrt. XXIX 
( ««73)» PP- 493-3®3‘ 
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fan I few boon, leaving a fine deposit of light-coloured mud, which 

PUm affine aDanam gradually accumulates, forming plains called 
or " p * t ‘ * pat.” Some of these “ pats," where water is 

available from a lcir£z, have .been locally cultivated, but as a rule they 
constitute the most barren portions of the desert without any of the 
bushes that occur at intervals in the stony plains, or even occasionally 
take root amongst the sand dunes. 

These “pats,” often half-concealed by the ever-encroaching 
sand dunes, pass imperceptibly into the stony “ dasht," and possess 

Lake basin* or usually very ill-defined limits. Where, however, 
they become of considerable size, and where 
they are fed by streams that can give rise to more or less permanent 
sheets of water, they exhibit a more distinct line of shore, and 
gradually merge into the class of shallow lakes called *' hamun.” 
The Lora Hamun, which is now absolutely dried up, is nothing more 
than a gigantic “ pat.” The Hamun-i-Mashkhel, dry for the greatest 
part, still contains water in two depressions, now separate, but 
which some of the oldest inhabitants of the district remember having 
seen once united . 1 The Gaud-i-Zirreh is described by Captain 
McMahon as “ a lake of salt brine fringed by an ever-encroaching 
margin of solid salt."* 

It may be mentioned here that these three lacustrine depressions 
lie at very different altitudes. The Lora Hamun is at an altitude 
considerably higher than the two others, and yet appears to be 
perfectly independent from them.* Moreover, the drainage areas 

1 Information kindly communicated by Captain Roome. 

* Quart. Jooro. Geoi. Soc., Vol. 33, p. 391 . 

a Tke depreaSon ta which are collected the water* of the Helmand basin afford* an 
lobncd** fflnrtration of th* uncertain manner in dhich hydrographic basins are defined in 
u Sanwt region. The watera of the Helmand and of several rivers Bow into two shallow 
ficrimnlnr taken nartonnded by a reedy swamp. Sometime* the lake* overflow into this 
B»sSk na® thee become united. The fertile plain of Sebtia proper it bat the delta of the 
IMullrf and faa* been formed partly by the sediment* carried by that river into a lake 
eMch fonaeriy occupied the entire depr es sion, nod partly owing to the dr e ricatinn of th* 
UkaflStK. The * hamun* ” aad marshes that still exist are separated in ordinary season 
by » tow watershed from th* aoutbern aad lowart part of th* depre s sio n , which contain* the 
Tbvnk trite The*, inordinary eeseons the Gaud-i-Zirreh is th* centra of a basin absolutely 
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of these Important depressions are by no means coterminous, but 
are separated by a number of minor independent depressions. 
Occasionally one of these may be unusually deepi and owing to some 
exceptionally favourable water-supply may allow the formation of a 
Pe rennial pooh or perennial sheet of water. These small ponds are 
"nawar." called “ nawar.” They usually are surrounded 

by a cultivated oasis and supply water to the uomads and their 
flocks often to great distances. Shady tamarisks, many centuries 
old, grow by their banks, and the women who come to fill their 
“mashks" with water, the sheep, cattle, and camels which in count- 
less flocks come to quench their thirst, form a busy scene which 
affords a strange contrast to the awful silence and desolation of the 
surrounding desert. 

Everywhere the topography shows that rudimentary and un- 
finished sculpturing of the earth’s surface, characteristic of regions of 
extreme dryness. As already mentioned, the rivers pass almost 
without transition from the condition of a mountain torrent to that 
of a delta. Even where in a somewhat more favoured mountainous 
district a number of valleys unite to form a channel of some import- 
ance, the same particularities are observed on a smaller scale. 
Just as the larger channel ends abruptly where it leaves the mount- 
ain district to break up in a wide fan at the edge of the desert 
plain, so do the tributaries of that channel end abruptly when they 
join its course. Usually there is a small fan talus at the termination 
of each of the secondary ravines. The section of the main valley is 

distinct from that of the Helmand, and it receives a scanty supply of water from the streams 
that flow from the northern and north-eastern slopes of the hills about Amfr-Ch&h, Saiodak, 
MaIik-i-Si&h-K6h, etc., many of these stream-beds being more or less choked by blown sand* 
But when the flood of the Helmand is exceptionally abundant, the water of the combined 
lakes of Seistin rises to the level of the low watershed and flows through the channel of tho 
Shelag river into the Gaud-i-Zirreh. Thus the entire basin of the Helmand becomes 
tributary to that of the Zirieh lake* 

% lt is only lately that our geographical knowledge of this region has been completed. 
The trpe nature of the Shelag river, and the fact that the CSaud-i-Zirreh 2s a salt-water lake, 
do not Mem to have been fully realised- at thermo whan Mr. Stanford wrote his works upon, 
Persia. The existence of an outlet to the Seisthn lakes removes the apparent anomaly 
mentioned ft him, ofthe Helmand terminating in a fresh-water lake (Quart. Joura, Geot. 
Soc., Yd. XXI* p* 4ts)» lor the Zirreh lake contains nothing but brine. 
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sot that of & V, with the river channel in its lower part. Supposing 
sack had ever been its shape, the irregular showers of rain which break 
at intervals making violent torrents of some of its tributaries, while 
the rest remain perfectly dry, would soon have choked the deeper 
part of the valley with the boulders rolled down from the secondary 
ravines, bnt which the water once spread out in the broader main 
valley with its more gentle gradient is unable to move further on. 
Hence the steep and ragged mountain slopes end abruptly on either 
side of a broad inclined plain, a stony “ dasht ” in fact, which has a 
perceptible gradient, but whose section from side to side does not 
deepen towards a central channel, but is quite horizontal or irregularly 
notched. The section of the main valley instead of having the shape of 
a shallow V, is more like a shallow trough with a flat bottom and steep 
inclined sides. It is only quite at their source that the river-courses 
resemble at all in their topography an ordinary alpine stream. In 
many cases after not more than a hundred yards they broaden out 
and assume the peculiar appearance above described. The cases 
are very rare where, owing to a perennial flow of water, a valley 
assumes a normal appearance as in the case of the Shekb Hosein 
valley. With its clumps of date palms, its cool gushing springs, and 
its fragrant oleanders, this valley seems so abnormal amidst its barren 
surroundings that it has become a place of worship and a centre of 
pilgrimage for the indigenous population whose nominal Mahome- 
danism is strongly impregnated with fetichism and who have con- 
nected many curious myths, probably of very ancient origin, with 
every physical feature that presents an exceptional character. 

These broad winding stony plains, or rather inclined planes , con- 
stitute the principal means of communication across the mountain) 
ranges, and account for the number of easy passes through which 
one can travel from one desert into the next one. Except in the 
most unusual event of a storm these plains are absolutely dry, and 
even when such an occurrence does take place, the flood which 
■weeps through it seldom lasts more than one hour when it dees 
last so long as that. At no time does a sheet of water extend ilight 
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across the valley, but it rushes through a network of irregular and 
ever-shifting furrows, rolling along'with it large boulders which rattle 
loudly as they come into collision. These floods by their suddenness 
constitute a source of danger to the flocks, especially to small animals 
like sheep and goats, which may be knocked over by the moving 
boulders and carried away by the flood. The wells where these 
animals are taken to drink are usually dug in the middle of these 
broad valleys, and it is a curious sight when the sky becomes threat- 
ening to watch the shepherds drive away their flocks on to the sur- 
rounding hill slopes where they can await in safety the passing of 
the flood. 
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Chapter III.— GEOLOGICAL DIVISIONS. 

Section i.— Introduction— Maps. 

I have already mentioned the principal kinds of rocks met with 
in this region. The marine strata are sediments extending in age 
from upper cretaceous to upper eocene and interbedded with a 
large proportion of volcanic rocks. These .together with numerous 
igneous intrusions contribute to form the greatest portion of the hill 
masses. Considerable areas are occupied by Siwalik strata, and in 
many regions the older rocks are entirely concealed by modern 
alluvium and sand dunes. Lastly, in the western portion of the 
country examined there are several recent volcanoes, one of which 
still shows signs of activity. 

The marine sediments, notwithstanding the enormous extent of 
their outcrop, belong to little more than one geological division. Of 
the cretaceous, on the one hand, only the uppermost beds are seen, 
and, on the other hand, the newest beds observed contain fossils of 
upper eocene age. The general absence of fossils and the discon* 
nected nature of my observations have not allowed me to draw any 
divisions through this series. It would have been interesting to make 
out a succession of horizons and describe them in succession, but 
there are so many rocks whose exact age cannot be determined that 
it is impossible to follow such a plan. Petrographical differences do 
not constitute any guide, for rocks containing fossils that belong to 
widely different faunas are petrologically very similar. I propose, 
therefore, to give a few general remarks upon each of the classes of 
rocks met with, the marine strata, and their accompanying volcanic 
products, the igneous intrusions, the Siwaliks, and finally the recent 
deposits. Then I intend to describe the details met with a% I pro* 
ceeded along the line of march. The recent volcanoes forming as 
they do an adventitious group without any intimate connection 
with tite other rocks will be described separately. 

( *6 ) 



GEOLOGICAL DIVISIONS. 


*95 


from the list of authors given in Chapter I it may be gathered 
how scanty is our geological knowledge of the 
Mspt available. re gion. On the other hand, the Survey of India 

maps, most of which are on the scale of quarter-inch to one mile, and 
some on the half-inch scale, are admirable in every respect, and I 
regretted not being able to dispose of sufficient time to follow the 
geological features into the detail which such a perfect delineation of 
the topography would call for— a task which would he singularly 
facilitated by the very excellence of such material. Not only was 
the time at my disposal limited, but as my movements were not 
always under my direct control, I was not able to turn it always to 
the best advantage possible. Consequently, I have not ventured to 
publish any of my work on the quarter-inch scale, except in the case 
of the K6h-i-Sultan to the survey of which I devoted the better part 
of one week (see map No. 2 ). The rest of the work has been 
represented on a scale of sixteen miles to one inch. On this reduced 
scale the sketchy nature of the survey becomes less apparent, and 
the map may be regarded as fairly accurate in its main outlines, 
(see map No. i). 


Section 2.— -Marine Strata. 

(a) Volcanic Rocks. 

As it is impossible to discover any strict order of succession 
amongst the marine stratified rocks, it will be more convenient to- 
classify them into volcanic and non-volcanic strata. 

These volcanic rocks are often very conspicuous amongst the bare 
hill ranges owing to their dark colour, while the great height of the 
ridges which they constitute compared with that of the softer and 
more easily weathered shales and slates further increases the contrast. 
They have already been noticed in other parts of Baluchistan and 
were identffied by Mr. Griesbach with the flyscb of Europe. 

They consist principally of tuffs freely interbedded with every 
type of mariiys sediment and varying in coarseness from an agglom- 
erate of huge boulders down to the finest ashes and porcellanites. 
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The volcanic material ocean mixed ia all proportions with tlie ordi- 
nary sedimentary particles, here forming almost the totality of the 
rock, while at other times we find only a few cinders scattered 
through a limestone fall of fossils. 

All these volcanic rocks alternating with nothing but marine 
sediments are consequently of submarine origin, and real lava-flow: 
are seldom met with. Some great sheets of columnar diorite 
abundant in the vicinity of Ladis and at Tozgi are probably of the 
nature of intrusive sills, though belonging perhaps to the same 
series of eruptive products. 

As in the case of the flysch of Europe, the age of these volcanic 
rocks extends from cretaceous to eocene. As might be expected in 
the case of strata of this nature, their distribution in space as well at 
in time is irregular, which will be seen in the chapter devoted tc 
detailed descriptions. But although no definite laws preside ovei 
their distribution in space throughout the region examined, yet il 
would seem that as far as the geological horizons are concerned 
they appear to occur more sparingly as we rise through the eocene 
In many cases the absence of fossils does not allow of any determin- 
ation of age, but great thicknesses of slates interbedded witl 
limestone bands full of nummulites which probably correspond ii 
age with the “ Ranikot ” of Sind are almost free from volcanic 
material. At K6h-i-Malik-Sidh where an extensive series of shale: 
is shown conclusively by fossil evidence to belong to that age, there 
is little, if any, volcanic material. On the other hand at Saindak, strafe 
with a typical “ Khirthar ” fauna rising up to the base of the “ Nazi' 
stage immediately overlie a thick volcanic conglomerate the verj 
coarseness of which would tend to sliow, however, that it must b< 
of local occurrence. In several instances strata of the “ Carditi 
beaumonti ” age are interbedded with sediments containing a fall 
proportion of volcanic material. It is well known that in flu 
neighbourhood of Quetta an important volcanic band separates the 
hippuritic limestone from the nummulitic strata. Lastly, In th< 
hil l called “ K^h i-Humai,” I observed a thick "bed of hippuritic 
limestone resting upon an extensive series of the most typical tuffs* 
( *8 ) 
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These cases where the age of the volcanic rocks could be deter- 
mined with a certain degree of accuracy are unfortunately few 
compared with those in which no such clue could be discovered : 
yet they tend generally to show that it is in the upper cretaceous that 
the eruptions were most abundant, which frames in with the views 
expressed by Mr, Griesbach as to their being contemporaneous with 
the great basaltic outflows of tjie u Deccan trap." 


Sfi) JVofi'Voicantf Rocks. 

The most conspicuous amongst the non-volcanic marine strata are 
the shales and limestones ; the greatest bulk being constituted by 
shales, while the limestones attract the attention by the manner in 
which they rise into ridges. In certain regions a more * arenaceous 
facies sets in, the shales being inters! ratified with sandstones usually 
highly calcareous ; in a few cases there occur conglomerates of small 
rolled pebbles. As the fragments constituting the sandstones and 
conglomerates often consist largely of the products of contempo- 
raneous eruptions, the classification of the sediments as volcanic and 
nonivolcanic cannot always be very strictly adhered to. 

Just as the volcanic strata with which they are associated, these 
rocks occur both in a comparatively undisturbed condition, and la 
regions where folding is displayed to a considerable degree, and 
their appearance differs accordingly. 

The shales here more argillaceous, here more arenaceous, very 
commonly occur in thinly stratified masses with narrow beds of 
limestone one foot or two feet thick at intervals. Such is their 
appearance at Kdh-d-Malik-Sidh where they are of a dull grey colour, 
and again at Saindak where, in addition to grey, they exhibit many 
•had, SB of red and yellow. A veryxommon variety is aaplintery green- 
eolopced Argillaceous rock, no doubt the analogue of tjhe olive shales^ 
.described id other portions of BaMchistdn and in Sind. In many 
pfcceg, yv&ete associated with volcanic cocks, the shales are highly 
calcareous and occur as flags.cftea brilliantly .coloured asis exhibited 
ca ( tp ) 
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bj tome very coospicaoua rocks round Quetta, The bright coloured 
varieties not unfrequently contain gypsum. 

In the disconnected series of observations made during the 
journey it was not found possible by means of continuous sections 
to make out the order of succession in many of the rocks ; but so far 
as could be judged from the cases in which fossil evidence is 
available, it does not seem that the petrological characters can be 
of much assistance in determining to what horizon the rocks belong. 
Thus in districts hitherto described, the olive-coloured shales seem 
characteristic of the “ Cardita beaumonti ” beds, and in one case at 
least, at Malik Gatt, such rocks do occur extensively developed in 
strata of that age. But shales of identical appearance are found 
also in the Laki hills which contain a Ranikot fauna. 

In two of the localities where, owing to the moderate amount of 
disturbance, the succession of the strata is most clearly exhibited, 
at Saindak and at K 6 h-i-Malik-Siih, considerable variations are 
exhibited, although the two places are not far apart. At K 6 h-i- 
llalik-Siib we find a great thickness (over a thousand feet) of 
grey shales with some intercalated limestone bands containing 
Nummulites, Alveolina , and some Ranikot fossils ; these are overlaid 
by a great mass of limestone several hundred feet thick (see Fig. 13 
and PI. VI) ; fossils collected at the base of the limestone still belong to 
Ranikot species, so that the newest date that can be assigned to the 
great limestone is at the base of the Khirthar. At Saindak, on the 
other hand, in a series of shales and limestones that bear the greatest 
resemblance to the strata at K 6 h-i-Malik-Siih, excepting that the 
shales are frequently bright coloured, the lowest fossiliferous horizon 
contains in abundance the most characteristic Khirthar forms, and 
the sequence rises as far up as the Nari stage ; the analogue of the 
great limestone and of the shales of K6b-i-Malik-Si4b should be 
looked for consequently below the lowest fossiliferous limestone ; yet 
in the thick series of bright coloured shales and tuffs underlying that 
nock there is nothing that resembles in the slightest degree the 
.characteristic rocks of K 6 h-i-Malik-Sidh. 
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tt is possible that a satisfactory survey might reveal some 
petrological characters, which taken in conjunction with other par* 
ticulars might be useful for revealing the true age of particular rocks 
where the fossil evidence is not available. But nothing of the sort 
has been detected so far with any certainty. Thus on two occa* 
sions, at Kin and at Malik Gatt where some beds were identified, 
on account of their fossils, with the “ Cardita beaumonti ” stage, 
there occur some conglomerates ; it is not always easy to distinguish 
a rock of that nature from the volcanic agglomerates so frequent in 
this region, but in both these instances, the pebbles although 
volcanic have every appearance of having been rolled. They con* 
tain a great many large fossil oysters and other shallow water 
forms. It may be that, if the relative height of the land was greater 
during that period, the products of volcanic activity appeared in 
larger proportion above the sea-level, and this would explain the 
frequency of conglomeratic beds amongst rocks of that period. 

If this be so, then, where other evidence is missing the abundance 
of conglomerates would favour the notion that the strata with which 
they are interbedded are upper cretaceous. But the observations 
made so far are not sufficient to warrant this conclusion, and as to 
many other rocks, however characteristic may be their appearance, 
it is doubtful whether they indicate any special horizon. For 
instance, the great masses of shales with intercalated calcareous 
sandstone bands that occur in so many districts, such as the T6ba 
plateau, the ranges east of Nushki, the neighbourhood of Mirui, and 
many other localities, present, especially when the degree of disturb* 
ance is moderate, a most unmistakable aspect. In one instance 
at Tafui, some of the sandstone bands were found to contain num* 
mulites characteristic of the Khirthar fauna, which shows them to 
represent locally rocks of the same age as occur elsewhere with a 
less arenaceous facies ; but the very fact of these differences of facies 
prevents us from concluding that they always belong to one par- 
ticular stage, and, although so easily recognised in the field, their age 
cannot be fixed, at present at least, where, as usual, they do not 
contain any fossils. 
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Where the rdcks are more violently distnrbed, Efth the develop- 
ment, frequently to a considerable degree and over Wide areas of 
slaty cleavage, the differences which mark the various types of shale* 
in their unaltered condition become greatly obliterated. We come 
across various kinds of shite in which it is difficult to discover 
what the characters of the rock could originMIy have been. They 
often assume quite an arChman facies, afcd Were it not for the 
distorted hummnlites still recognisable in sdme of the limestone 
bands, it would be difficult to realise that such rocks could be tertiary. 
In the neighbourhood of great igneous intrusions, these rocks 
become stiff further transformed by contact metamorphism. 

The limestones occur as bands of various thickness from a foot 
upwards and also in considerable masses 

Limestones. 

hundreds of feet thick, when they 'rise into 
conspicuous hills. Just as in the Case of the other varieties of rocks, 
the age of these great masses cannot be determined without the 
help of fossil evidence. The instance above given of Saindak and 
K6h-i-Mabk-SiAh shows that their development is local, and they 
seem to occur indifferently and with very similar characters at 
variouh geological horizons. The tall crags of Malik Gatt are of 
the age of the “ Cardita beaumonti” beds, while considerable lime- 
stone hills at TC&h-i-Malik-Sidh, at the Lar K6h, at Shefelh Hosdin, are 
ftrH of 'nummnlites. Owing to the ^absence of fossils it is not 
possible to determine the age of those huge 'masses of limestone 
that form the Chapar range, and the Gaftd-Hamun. 1 Petrologically 
and structurally, ho characteristic differences can be detected in any 
of these rocks. At Amfr-Chdh and K6h-i-Humai, some thick 
limestones showing sections of hippurites 6n their weathered surface 
are of an exceptionally compact ufnd crystalline texture compared 
with tbe other limestones of this region. 

Section 3.— Igneous intrusions. 

Tbe tomography as well as the geology 'of f!h« ifehges consisting 

1 TieW ti^erfonli liiave lately bfeeb reTognt M ‘k> ‘ipper cifetaefeowk. (Sit tilt IjkpMSMt 
M page 58.) 
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Of the aijove described marine strata is locally varied by the presence 
of great igneous masses. 

These are seldom true granites, but more frequently syenites and 
diorites, with a granitic bolocrystalline structure of varying degrees 
of coarseness. The nature of the rock varies greatly from place to 
place, and nearly all the great masses are traversed by dykes 
of somewhat more basic composition. These basic dykes, the latest 
results of the series of phenomena that gave rise to these intrusions, 
occur in many regions, traversing the sedimentary rocks where the 
larger intrusions are absent. 

These intrusions have been regarded as contemporaneous with 
the great volcanic outbursts of the “flysch,” 

Age of the intrusions. / 

being in fact subterranean manifestations of 
the same set of phenomena. This is not exactly the impression 
which I gathered from the facts observed in the different regions 
visited. 

It has been mentioned above, that the volcanic strata extend right 
through the upper cretaceous and the greater part of the eocene, 
but that they become more scanty as the section rises. In almost 
every instance the great intrusions are found to have been injected 
amongst strata full of nummulites, so that they are certainly newer 
than a very great proportion of the observed volcanic rocks ; still 
as there are important volcanic agglomerates apparently of middle 
eocene age at Saindak, it might be said that the intrusions represent 
the .underground products of some pf the later eruptions. Even then, 
there is this more to be considered. The rocks are bolocrystalline, 
often coarse-grained, and present all the characters of ,plutqnic 
rocks. They cannot have been formed except under a considerable 
mass of superincumbent strata, and it is therefore in any case 
necessary to regard them as much younger than the youngest pro- 
ducts of true eruptions that have been observed, so far as the flysch 
period is concerned. 

Another liqe of reasoning which tends to make them appear 
much youi^er in age than the flysch eruptions is as follows. There 
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is no indication of any unconformity anywhere throughout the whole 
sequence of marine strata. Even where we find indications of shallow 
water conditions as amongst some of the Cardita beaumcnti beds 
and also in the uppermost Khirthar strata of Saindak, there is no 
sign anywhere that folding of the beds had commenced. All these 
deposits seem to have been laid down horizontally without any 
interruption in a gently tubsiding area. Now, the generally vertical 
trend of the intrusions! so well marked principally in the case of 
narrow dykes, the absence of any distinct signs of dynamic metamor- 
phism in regions where the stratified rocks are altered to the utmost 
degree, all tend to show that not only had the folding of the rocks 
commenced, but that they had reached very nearly the same 
position where we see them to-day at the time when the plutonic 
masses were injected . 1 

As my hurried observations may be regarded as not sufficient to 
establish the conclusions advanced, the alternative explanation might 
still be offered, that some of the large masses are of the nature of 
laccolites. This might allow them to be attached to the series of 
older volcanic phenomena; still it would remain a necessity to 
regard them as much later than the bulk of the tuffs and more 
basic eruptions. 

In any case the relative ages of at least three groups of igneous 
rocks, none of which are newer than pliocene, can be very clearly 
made out as follows : 

Firsts volcanic rocks, properly referable to the flysch ; mostly 
tuffs, and locally intrusive masses, many of which are basic. Their 
range in time is from upper cretaceous to middle eocene, and they 
are anterior to the folding of the district. 

1 The case will be mentioned hereafter (page 48) of a votcinic rock which appears to be 
of Siwalikage, though this is not absolutely certain. This observation night lead one to 
infer that the granitic and dioritic intrusions represent the deep-seated portion of eruptions of 
that period. The instance mentioned, even if correct, is too local and isolated to warrant 
such a conclusion, The granitic intrusions are of snch colonal dimensions that, had any 
eruptions of comparable magnitude taken place at so late a periods*, the Siwalik age, there 
could not but exist abundant indications of them ; nor is it likely thjrjjlif cones themselves 
cotytd hate been so completely denuded as to have left no trace. 
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Second, great intrusions of granites, syenites, and dforites that 
were injected amongst the rocks during orogenic movements. They 
cannot be older than upper eocene. 

Third , dykes and sills of basalt and dolerite posterior to the period 
of maximum disturbance, but in all probability older than the Siwaliks. 

Hasty as my observations were, I do not believe that there is room 
for any doubt respecting the newer age of the acid and intermediate 
plutonic intrusions relatively to the truly volcanic rocks of the “ flysch.'’ 
Moreover, their association may be fortuitous, even though a similar 
association may be found in other regions— in some parts of Europe, 
for instance— for this may signify merely that in the latter case the 
geological history has followed identical phases. Yet in our ignorance 
regarding the genesis of both volcanic and plutonic rocks at great 
depths beneath the earth's surface, it is not possible to affirm tha t 
there is no connection between them. 

If, on the one hand, it seems advisable to separate these plutonic 

Possible relation to the rocks from the volcanic products of the flysch, 
Himalayan granites. on the other hand one is tempted to as anriate 

them with the igneous intrusions of the Himalayas. It is quite possi* 
ble that in the Himalayas, besides an archaean gneiss, there might be 
later intrusions ; and if they belong to the same system as the Balu- 
chistin ones, it would confirm the view expressed by General 
McMahon and other leading petrologists as to the tertiary age of the 
Himalayan granites. 

The existence of these three successive, if not independent, series 
constitutes a source of great uncertainty in a hurried ex ami nation of 
the district ; for, unless their stratigraphical relations can be 
out with accuracy, it is often impossible to decide which of these 
series many of the observed rocks should be referred to, and hrn oe 
their relative ages often remain doubtful. 

Section 4^— Siwaliks. 

It has been mentioned that, besides the marine strata, there are 
land deposits of Siwalik age. These outcrop in a manner somewhat 
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different from the great ranges that bear that name along the 
southern flanks of the Himalayas ; the reason is obviously the different 
physical conformation of the mountains. The Siwaliks in India 
have resulted from the denudation of that colossal escarpment which 
terminates the Tibetan plateau on its southern border, and which 
overlooks the Gangetic plain. The enormous height of the mountains 
and their geographical situation favour an abundant rainfall and 
cause all the drainage to escape to the south of the raises where 
the permanent deposits resulting from their denudation have 
accumulated aU over the northern plain of India. Denudation had 
set in actively for long ages before the tangential pressure that 
folded the mountains had come to a standstill } hence the deposits 
accumulated on the northern edge of the alluvial plain have shared 
in the last movements of upheaval, and their tilted strata now 
constitute the sub-Himalayan ranges. 

In Baldcbistin, just as in ludia, the tilted strata of the Siwaliks do 
represent similarly the last effects of the earth-movements that raised 
tiie .numerous mountain ranges, and have now perhaps entirely 
ceased to act Bat, instead of the gigantic and contact hig hlan d 
•I the Himalayan region, the ranges of much more moderate eleva- 
tion If arm numerous strips of high ground separated by lowlying 
plains. Moreover, although the aggregate thrust may have resulted, 
ao in the case of the Himalayas, in a movement along a roughly 
north-to-south direction, yet the structure of the range? shows that 
the .rocks have been forced over the depressed areas along both 
margins, south as well as north, and the thrust has anted loca lly 
ait least in a south-to-nprth direction, the reverse ©f r wh»t is found 
invariably along the Himalayas. It results fropi this -that where a 
range nuts between two plains it is skirted on .either side by£iwalik 
sttata, dipping in either case towards the centre of the range, and 
giving the section a sort of fanlike appearance. Being thus distri- 
buted somewhat evenly right through the region, it follows that the 
mater i al s that have accumulated to form .each outcrop have been 
dniurad f tom .areas of drainage which are very small compared to that 
( a6 ) " 
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from which the materials forming the sub-Himalayan hills were derived. 
Moreover) the mountains are very much smaller than the Himalayas* 
and the plains round them being at an altitude greater thaa that 
of the Gangetic plain tend to etill further diminish their relative 
height ; hence the Siwalik hills in Baluchistan ace low in proportion 
and constitute very insignificant ranges, although the outcrop is 
often of considerable width. Even before desert conditions had 
set in to the same degree ns at the present day, these less pro* 
nounced differences of altitude, and the absence of any such topo- 
graphical contrast as exists between the Himalayan highland and 
the Gangetic plain must have favoured a more uniform distribution 
of the products of disintegration. Thus we find strips of Siwalik 
strata in narrow depressions between two parallel ridges of one 
range, though the depression deserves the name of valley rather 
than that of plain. Such an instance will be described from Tafui 
in the detailed descriptions (page 47). 

As to the general appearance of the strata, it is not necessary 
to give a detailed description of them, as they are quite similar in 
appearance to those in the neighbourhood of Pishin and Quetta, 
which have been frequently described. 1 Throughout thje area 
examined they consist of conglomerates, of friable sandstones, and of 
clays frequently white or brightly coloured in various tints of pale 
terra-cotta, ochre, or green. These clays often contain crystal! 
■of calcite and gypsum. 

It hasijust been mentioned that, notwithstanding -the in significant 
altitude of tbe , Siwalik hills, -their outcrqp frequently stretches 
aoross a wide extent of ground. Very often, throughout the entire 
width of this outcrop, the beds are seen dipping constantly in the 
same direction with a well marked dip of as much as ao°. If, -then, 

1 C. L Grtetatch, Report ’4a tbe ‘Geototfy of tbe tertian between the ‘Bri*n Pan 
in BaMcMst*a-*nd GirJikh in Southern AfgbiaitMa. Mem. Geol, Surv. Ind., Vol. XV 111 
«t . 18-ai. W. T. Blnnford, Geological Notes on the Hike ‘in the neigbourbood of tin 
Sthd *ad Pntjttr V metier ' between' Qteta 44d >De<* Gteti tKbaa. Mte.iOml.JSMM. Ind. 
Vol. XX, p. 180. R. D. Oldham, Sub-recent and recent Depotit* of the vallgy , pl.lm 
of Quetta, Pilhin.aad the Dasht-i>8ecUMlat. Roc. Geol, Surr. Ind., Vol. XXV, p.'SS. 
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we regarded tbe sequence as a normal one, it would be necessary 
to admit an incredible thickness of strata rendered very improbable 
at once by the dwarfed proportion of the ranges, while beneath 
wbat would be the highest beds exposed the oldest beds would have 
to be snnk to a depth quite inexplicable. No doubt the structure 
is therefore an imbricated one, as has been shown to be the case 
with the sub- Himalayan ranges ; but observations are far too scanty 
to place upon the map the position of any of the lines along which 
the rocks have yielded. 

The tilted position of these strata is evidence of the latest effects of 
upheaval produced by the folding of the region. When they became 
displaced the entire region was already a land area, perhaps already 
one of closed drainage. In fact, the conglomerates are very similar to 
those which are still being deposited at the present day, or at least were 
deposited up to a very recent period before the dessication of the 
country became so absolute as it is now. But as to their position in 
the geological sequence, it cannot be fixed in the case of any of the 
rocks which I saw, for I did not come across any fossils. Various 
considerations, however, make it evident that the age of the newest 
of these strata must be placed back well in the tertiary, probably 
before the end of the pliocene. Upon their upturned and denuded 
edges rest with complete unconformity the recent deposits which 
cover the desert plains. Although where there is still a certain 
amount of rainfall, these accumulations may still be in process of 
lormation, yet the enormous thickness to which they have been piled 
up shows that those low down in the sections have been deposited 
at a very remote peood. Since the last upheavals sufficient time 
has elapsed for the.accumulation of these enormous deposits, these 
in turn have been Steeply eroded, physical changes of great impor- 
tance have had time to take place, huge volcanic cones have been 
built up and again denuded away, and yet nowhere can tbe 
slightest indication be found of disturbance or earth-movements of 
any kind. 
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These considerations allow us to discuss at once both the age of 
Age u the mountain the Siwalik hills and of the more important 

IMEei ‘ ranges with which they are associated. 

Throughout a series of strata extending from upper cretaceous to 
upper eocene there is nowhere any sign of erosion or unconformity. 
Therefore we must admit that until the last stages of the eocene 
the upheaval of the ranges had not commenced. On the other hand, 
the last chapter in the history of the upheaval, as illustrated by the 
Siwalik strata, had ended before the end of the pliocene. Therefore 
the folding of this large area, the upheaval of all the ranges, the 
metamorphism of shales into slates, the intrusion of great igneous 
masses, the conversion of the sea into a land area, the denudation 
which furnished the materials for the Siwaliks, and finally the uplift* 
ing of these latter ranges, must have all taken place within a relat- 
ively short period of the earth’s history. The upheaval may have 
commenced before the end of the eocene, it attained its maximum 
during the miocene period and came to an end with the pliocene. 
Whatever may be the date of upheaval of the Himalayas, whose age 
has given rise to some discussion, the facts will not allow much 
doubt so far as the Baluchistan area is concerned, as to the compara* 
tively'late period at which these mountains were upheaved and the 
comparatively short period necessary for the process . 1 

The data available are perhaps hardly sufficient to say that the 
tangential forces have entirely ceased to act. Observations are 
far too scanty and extend over too brief a period to decide whether 
any small changes of relative level are taking place. The undis* 
turbed condition of thick deposits of recent gravel and of the vol- 
canic cones may show merely that those areas where they have 
been observed have not suffered folding, and we know th^t large 
.areas have been comparatively exempt from folding throughout 

J "That the elevation of the Southern Persian mountains Is ol no high geological 
antiquity, we may infer from the fact that ranges 10,000 feet high con list cf suraaulitic 
rocks, that the gypsiferous beds, which ere newer then the nummulitics, are found at an 
elevation of 7^00 feet above the sea, and the Makrda formations, whidh are probably net 
<Mar then pliocene, attain almost an equal height.** W. T. BlaaforcL Quart. Joura. GeoL 
Soc* Vd. XXIX, p. 501. 
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Ike whole period of erogenic movements (see ante, page ' 7 ). 
Nevertheless, considering, en the one hand, the short time, geo lo- 
gically speaking, that was necessary to prodece the bulk of the 
vpheaval, and, on the other hand, the indistinctness of any evidence of 
recent movements, it seems reasonable to admit that if the orogenic 
forces have not entirely ceased, at least they have dwindled down 
to a very low ebb . 1 

It is true that the whole of this region is frequently visited by 
earthquakes, which shows that the earth's crust is still there in a 
state of unstable equilibrium. But it is not proved that these seisms 
are connected with folding of the strata. 

An observation, unfortunately somewhat doubtful, which was 
-Vskwic racks perhaps made at RobAt, would, if confirmed, indicate 

of Simiik age. the existence of one link at least, between the 

recent epoch and the period at which the Siwalik strata were 
deposited. Throughout the enormous areas occupied by outcrops 
of the Siwaliks in India 1 do not know of any instance of these strata 
having been found affected by igneous intrusions, or containing any 
volcanic material other than that derived from olcler rocks. On the 
right bank of the Rob&t river, near Pain Rob&t, are some highly 
tilted strata consisting of conglomerates and shales which I first took 
to be Siwaliks, but which are so much concealed by reoent gravels 
that it is difficult to make sure of their characters. On finding one 
of these strata to be a volcanic rock, I concluded that these sediments 
cannot be the Siwaliks, but the older rocks of the flysch period, 
which are represented by well -developed tuffs and agglomerates in 
some of the neighbouring sections, and whose typical appearance 
seemed masked owing to the imperfection of the exposure. Micros- 
copic examination shows that the rock exhibits a degree of freshness 
which is not observed in any of the volcanic products that can bp 
assigned with certainty to the flysch period. The first impression 
given by the associated strata as being Siwalik may therefore have 

'• • 1 Mr/GiWbadi ha* shown that aqjielinal and synclinal fleiurni ara itiU ia prpfgM 
d Mw a fton hi aartato parts of TVWiatao. Rec. Gaol. Surv. lad., Vol. XIX, m, S0» 
SR. ■ 
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been correct, and this rock may indicate that the great eruption 
which in recent and sub-recent times culminated in the building op 
of the gigantic cones of Eastern Persia had already commenced in 
Siwalik times. This rock, together with some curious basic dykes 
of very recent aspect found in the same neighbourhood, will be 
again referred to in Part II of this Memoir (see page 88). 

Section 5.— Recent and sub-recent deposits. 

Under this heading come all the rocks which have been depos- 
ited since the termination of the upheaval of the ranges. Their 
principal characteristics have been mentioned when the hydrography 
of the district was described. There it was mentioned how they 
have filled with conglomerates and sands the great depressions 
that lie between the groups of mountains ; how they cover with a 
horizontal layer of silt the plains that once were lakes ; how they 
have accumulated to form the gigantic talus or “daman” skirting the 
mountains. 

In a country where the rainfall is so scanty and irregular, where 
the hydrography is in quite a rudimentary condition, it naturally 
follows that we cannot expect to find the section of the plain to 
exhibit those beautifully regular curves which any river or valley 
shows when followed from mountain to sea-coast or lake basin in 
a region where the rainfall is normal. Undulations barely per- 
ceptible to the eye in such alluvia] plains when plotted on an 
exaggerated vertical scale are found to follow very definite laws, 
taking the shape of a parabolic curve concave towards the sky. 
The desert plain which, when seen from a height, also appears quite 
flat, does exhibit shallow undulations leading to well-marked differ- 
ences of level ; but these instead of obeying definite laws are dis- 
tributed quite irregularly. The topographical survey of this desert 
has not been carried to that degree of minute detail which would 
-aHow this to be shown by representations of actual unctions of the 
ground buf it -is strikingly illustrated by the juxtaposition of 
numerous independent basins of drainage, often at wth-marked 
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differences of level, though they may occur in close proximity, as has 
been mentioned in the chapter on hydrography. 

Yet, amidst all this confusion, there are some curiously regular 
features: such are the long lines of terraces 
formed by the conglomerates stretching over 
wide areas. It frequently happens that the traveller following the 

narrow camel track beaten out of the stone-strewn " dasht” along 

* 

what seems an interminable plain, suddenly finds himself on the edge 
of an escarpment and sees another plain below him some thirty or 
forty feet lower. This lower ground may again slope gently down 
to another step-like escarpment, and there may be thus three or 
four of these superposed terraces. If the country had been more 
thoroughly examined it would have been found probably that these 
lines of terraces form concentric belts surrounding at a distance some 
of the larger lake basins. They admit of only one explanation, that 
they represent ancient shore lines of great lakes, which now have 
either dried up entirely or are reduced to insignificant shallow 
marshes or salt swamps . 1 The successive lines of escarpment 
would represent temporary periods of rest during the gradual drying 
up of these great masses of water. The level of the waters being 
constant during a certain period constituted temporarily what the 
Americans call a “ base-level " of erosion ; the surface of the lake 
was the lowest level to which running water conld carry down pebbles 
and boulders, and thus for the time being the shore of the lake 
was the limit of the accumulation of conglomerates. 

I visited one of these lake basins, the Lora-Hamun, now absolute* 

Evidence of a change in dessicated, an endless “ pat ” or plain of sun* 

the physical condition*, cracked mud of a pale yellow colour with great 

patches here and there of saline efflorescence, and absolutely destitute 


* Moat of the terrace* which I have observed belong to the north, north-east. and north- 
waat margin of the great depression whose lowest portion is occupied by the Hamon-i- 
Mashkhel and other dried-up ponds. That similar terraces are feand on the southern margin 
<of the depression is shown by one of the sketches in General McGregor's u Wanderings in 
Ba tochtst an,” p. tag. (These gravel terraces are also mentioned, pp. 138, 154, etc.) The 
tut races surrounding the depression once occupied by the former lake of SoistAn are mentioned 
in a w. BeUew’s « Record of the March of the Mission to Seisttn. ” r""* 
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of vegetation except in the immediate vicinity of the shore line. Along 
its western shores some stream -beds terminate amongst shallow 
marshes of stagnant water and mud banks covered with decayed reeds, 
but none of this water reaches the absolutely dry plain of the “ Hamun," 
which only takes the appearance of a lake when the mirage floats 
over its surface creating a fantastic geography of lowlying promon- 
tories and groups of scattered islands. These islands are small hills 
of ancient volcanic rocks and limestones of the " flysch 99 period 
surrounded on all sides by the pale yellow silt ; but a very remark- 
able feature presented by them is that their slopes exhibit some- 
times almost up to the very summit patches, more or less washed 
down by occasional showers c* rain, of the very same buff-coloured 
mud which covers the floor of the dried-up lake. It is impossible 
that this mud should have been derived from the weathering of 
these low mounds of ancient lava, which are too small to allow of 
any such differentiation of the products of weathering. The only 
products of denudation derived from them are angular pebbles, dark 
coloured like the hills themselves on whose slopes they lay scat- 
tered. On the hills called Kaftani, near the south-western shore of 
the u Hamun,” the lower portion of these mud deposits though ravined 
by the rain still presents a terraced outline, and denudation has 
exposed sections in which strings of angular pebbles from the tuffs 
of the hill rest upon strata of the buff-coloured mud. It is quite 
evident that this mud washed down in former times by rivers was 
deposited in the still water of a lake, just as the deposit of the same 
nature which covers its dried-up floor. Moreover, as they are found 
at all heights along the slopes of the hill, it shows that these were at 
that time entirely submerged ; further, that a large sheet of water 
thep existed whose surface rose to a height fifty feet or more above 
the floor of the dried-up lake, and that the Lora-Hamun covered a 
surface three or four times as extensive as the plain which now 
bears that* naiye. 

When speaking of the “ famtaluses 99 under the heading of 
hydrography, it was mentioned how the watercourses at the present 
D ( 33 ') 
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day pass without any transition from the condition of a mountain 
torrent to that of a delta, the fan*talus being in fact nothing but a 
small delta. This explains the enormous accumulation of talus in 
the immediate vicinity of the mountains. But in former times it 
is evident that the presence of such important sheets of water 
induced a much more abundant rainfall and thus were the pebbles 
distributed over the entire width of the desert. 

These lakes at length shared the fate of all inland drainage 
areas. The water evaporated from their surface did not all return 
in the shape of rain, a certain amount was always lost, and the 
clouds originating from the evaporation of sea-water could not be 
counted upon to make good the loss. It is one of the fundamental 
facts in physical geography that the increased altitude of the land in 
mountainous regions causing the vapour-laden atmosphere blown 
from the sea to rise to higher and colder strata in the air, determines 
the precipitation of rain on the slopes of the mountains turned to- 
wards the sea. When the clouds reach the opposite slope they 
descend once more to lower altitudes and the air is no longer satu- 
rated. In this way the inland drainage area will never obtain 
enough moisture from the sea to repair its own losses, and its 
ultimate fate must in all cases become irrevocably its conversion into 
a desert 

*1 hese are of course well-known principles of physical geography, 
but if I draw attention to them here it is on account of the wide- 
apread notion that the decay of such countries as Balticbistin is 
due to bad government and anarchy. This is a fallacy of a very 
Common type which consists in mistaking the cause for the effect. Of 
course, there is no doubt that such an ill-advised policy as the dis- 
afforesting of mountains may accelerate the ruin of the country. 
But a country physically situated like Baluchistan, whether it be 
well or badly governed, is inevitably doomed to ruin. It is merely 
a matter of time, but ultimately it must get beyond the scope of 
human control, owing to the desert conditions which must of 
necessity become more and more aggravated. There is plenty of 
( ' 34 ) 
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evidence that the process of dessication has gone on to a marked 
degree even within historical times. As the region became unfit for 
cultivation, the population gradually dwindled until the few tribes that 
still lingered back were forced by necessity to seek in pillage and 
robbery the sustenance that industry could no longer provide them 
with. It is the natural aggravation of physical difficulties which 
engendered anarchy, not, as is usually thought, anarchy which has 
caused the decay of the land. 

This erroneous impression is still further encouraged by the 
apparent revival of prosperity which takes place when nations pro- 
vided with all the resources of a well-equipped civilisation take over 
the government of these countcres. This is due to a double cause : 
First, the protection against robbery and misrule, which permits the 
more enterprising and industrious part of the population to pursue 
their occupations in peace ; secondly, a better dispensation, by means 
of improved irrigation, increased means of communication, and so 
forth, of those natural resources which still exist. It is a better 
employment of those resources, but the resources themselves are 
decreasing. Where there used to be no culitivation, but now, owing 
to an artesian well or a “ k4r6z ” an artificial oasis has been created, 
this indeed seems an improvement. But it must be remembered that 
the rainfall is ever decreasing, that it is the ultimate source from 
which all the water used for irrigation is derived, and that 
consequently the supply is gradually dwindling. Of late years 
kdr£zes have dried up at Quetta, which had given an abundant 
supply since more than a century, and this notwithstanding that 
the work is kept in perfect repair. 

In one of the regions which I visited, amongst the mountains of 

Airiest terraced fields. the . State of Kha ™ n » there are some very inter- 
esting relics which bear evidence to a very 
different set of physical conditions than those that prevail at the 
present d*y. In a)l the valleys round Zard there are to be seen 
hundreds of sfcne Walls which are called “gdrband” or “ dams of the 
infidels.” Sometimes they stretch right across the flat pebbly floor* 
Da r \ 
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of the great valleys which, for want of a better name, are termed 
11 rivers/' notwithstanding the somewhat sarcastic ring there is about 
that appellation. They also occur across the entrance to most of the 
tributary ravines and at various points across their course up to 
considerable heights above the main valley. The country is quite 
uninhabitable for want of water, and yet there is no doubt about 
the nature of these walls which are similar to works erected to the 
present day in many regions of Baluchistan and Persia, being in fact 
nothing but terraced fields. But the careful way in which they are 
built gives them an appearance of permanency which one would look 
for in vain amongst the works of the present generation. In many 
cases they still hold back the soil, formerly cultivated, which has 
been artificially heaped up against them. This soil is absolutely 
similar to that which covers the great alluvial plains of %t pat/' No 
such material is to be found anywhere amongst the hills where the 
walls have been built, and it must have been brought at the cost of 
considerable labour from the great desert plain south of the moun- 
tains. The absence of any canals, the great height to which the 
walls are found up the tributary ravines, shows that the fields were 
not watered by means of some general scheme of irrigation with 
canals deriving their supply from some reservoir placed at a greater 
altitude. Perennial springs, now everywhere dried up, must have 
existed in all the ravines where these remains are found, which 
shows how much greater the rainfall must have been formerly. 

The modern inhabitants of Kharan in calling these structures 

Recent diteof dedication. “g 6rband " or " da ™ of the infidels ” attribute 
their erection to the fire-worshippers. Degraded 

as they are to a condition bordering on the status of savages, 
they have lost sight of all accurate historical notions. The attribution 
of any work to the ** fire-worshippers 99 simply means that they look 
upon it as very old, older than the first Mahomedan settlements. 
They have not forgotten, however, what the walls really are, that 
they are terraced fields, and the legend says that the inhabitants who 
built them brought all the soil in bags which they carried on their 
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backs, from the desert to the south (such an act is regarded as 
very sinful by the Baluch who consider manual labour degrading to 
human dignity). It is more probable that the soil was carried on 
the backs of beasts of burden rather than on that of men, but the 
tradition is no doubt an echo of the immense amount of labour 
which this work necessitated. At all events the greatness itself 
of the undertaking shows that the returns of the work must have 
made it worth the trouble which they took, and that what is now 
a barren desert was once the home of a prosperous community. It 
is certainly not improbable that these people might have been 
originally the fire-worshipper*, but I am inclined to think that simi- 
lar works continued to be erected long after the first Mahomedan 
settlements. In these «ame mountains of Kharan there are ancient 
Mahomedan cemetries in which the tombs and the wall surrounding 
them are built exactly in the same manner as the walls of the 
terraced fields, being made of roughly- shaped stones disposed in very 
regular layers. Nowhere in Baluchistan could a work of that nature 
be built at the present day, the modern graves are mere mounds of 
earth clumsily decorated with boulders, or occasionally with pieces 
of weathered travertine. The tombs just mentioned seem, on the 
other hand, to be the work of the same hands that used to build the 
terraced fields. I do not know enough of the history of the region 
to assign any date to them, but the mere fact of their being Mahom- 
edan shows at what a very recent date we must place the final 
dessication of these mountains . 1 

This complete dessication of the district has allowed the de- 
velopment of the most characteristic feature of 
desert scenery, the accumulation of wind-borne 
sand. I have nothing to add to the descriptions which have been 

1 “ From the accounts Igiven by ancient writers, it appears highly probable that the 
population of Persia was much greater, and the cultivated land far more extensive a,ooo years 
ago than at present ; and this may have been due to the country being more fertile in conse- 
quence of the rainfall being greater. Some alteration may be due to the extirpation of trees 
and bushes, the consequent destruction of soil and increased evaporation; but this alone will 
scarcely account for the change which has taken place.” W. T. B lan ford. Quart* Journ. 
Gaol. Soc., Vol. XXIX (1873), p. 500. 
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giv;n of similar formations by many authors. Of the two kinds of 
sandhills distinguished by Mr. Oldham in the Indian desert , 1 only 
the "transverse ” type is exhibited in the localities which I have 
visited, while the cresent-shaped dunes called €t barchanes 99 or 
“medanos” are everywhere developed with the most typical charac- 
ters.’ Sometimes the dunes coalesce into huge masses which are 
slowly advancing over the plains, and against which even the moun- 
tains no longer form a barrier : the sand is blown over the crests of 
the ranges and many a valley is being buried beneath a shroud of 
sand. Entire ranges of low hiils have already been buried in the 
region between Amir-Chdh and Saindak where some of the sand- 
hills rise to heights of as much as 200 feet. The sandhills when 
newly-formed at least are extremely permeable ; for instance, at 
Amir-Chih there is a river-bed which cuts through the hill range 
forming a narrow gorge or "tangi/' beyond which it is cut across 
by a broad belt of sandhills. Some ten miles further the river-bed 
once more re-appears from beneath the sand dunes. It is joined by 
several tributaries, one of which bears the name of Sam river, and 
finally finds its way to the Gaud-i-Zirreh. On one occasion while 
I was at Amir-Ch&h in the night of the nth to the 12th of March, 
there was a heavy shower of rain which converted the dried up 
stream-bed into a raging torrent. On the following morning, 
Mr. Tate went to see whether the sandhills had kept back any body 
of water where they cut across the river-bed ; but this place was 
perfectly dry, notwithstanding that small pools had been left in other 
portions of the river-bed. I ignore whether any flow of water 
appeared from beneath the sand where the river-course once more 
comes to light* 

1 Manual of the Geolof y of India, and edition, p. 455 . 

a The question of sand dunes has been studied both from a theoretical and an ex- 
perimental point of view by Vaughan Cornish : u On the formation of sand dunes/' Geogr. 
Journ* Vol, XI (1897). pp. 278-309. For descriptions of the sand dunes ki the Baldchistta 
desert, see Pottingar, 41 Travels in Baluchistan and Sinde,” p. 133 ; McGregor , n Wander- 
ings in Baluchistan/* p. 157; C. L. Griesbach, Rec. Geol. Surv. lnd« Vol. XVI11 p88s), 
P’ 59* 

( 3* ) 



GEOLOGICAL DIVISIONS. 


217 

Nevertheless! where the sandhills spread over a district liable to 
be flooded they must influence the sedimentation of mud carried 
by the water, and may ultimately by its gradual accumulation give 
rise to a closed impermeable basin, lam inclined to think that an 
influence of this sort has been at work in the formation of the smalt 
perennial ponds or “ nawars ; for both of those which 1 saw are 
surrounded by sand dunes. 

In addition to these alluvial and aeolian deposits there are other 
Recent volcanic form- recent formations of volcanic origin. These 
at,ons * consist of various accumulations of lavas and 

cinders, and also the deposits of mineral springs which have 
produced large masses of travertine. They will be described ia a 
separate chapter. 
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Part II. 

DETAILED DESCRIPTIONS. 

Chapter I.— DESCRIPTION OF SECTIONS. 

Neighbourhood of Nushki. 

Nushki lies at the eastern edge of a great desert which, north of 
Nushki itself, is bounded on the east by an almost rectilinear line of 
escarpments. This long line of escarpments is the western limit of 
a broad range composed of many parallel ridges which bears the 
name of Kojak and Khwija Amrin in districts further north. 
Nearer Nushki it bears on the maps the name of Sarlat range. To 
the east this range, or rather this aggregate of ridges, borders on to 
a plain which on the maps bears successively, from south to north, 
the names of 44 Gurgina,” 44 Sh6rarud,” and 44 Peshin.^ Again east 
of this latter plain there is another range which, in the neighbour- 
hood of Quetta, is called the 44 Ghaziaband ” range from the name of 
the 14 Ghaziaband pass,” where it consists of shales and nummulitic 
limestone ; further south the proportion of limestone increases and 

Sioftliks Of the Ghana- the ran g e is f ringed on either side by tilted 

band range. Siwalik strata. As to the great broad range 

bordering on to the desert, and which bears successively the names of 
44 Sarlat ,' 19 44 Khwdja Amrdn,” 44 Kdjak/ 1 and continues northwards 
as the |4 T6ba plateau," it consists, east of Nushki, of exactly the 
same rocks that constitute it further north in the 44 T6ba ” region. 
These rocks are alternating beds of grey splintery shales and cal- 
careous sandstones. In the eastern part of the range these show 
numerous synclinal and anticlinal folds. It often happens that the 
horizontal, or nearly horizontal strata along the axis of a syncline or 
anticline |ure preserved in the upper portion of a hill, and the broad 
sandstone bands alternating with the shales causes these summit# to 
take a very peculiar stepped appearance under the influence of 
( 40 > 
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denudation. Occasionally limestone bands occur! which sometimes arc 
full of broken fragments of shells, but nowhere have any fossils been 
met with in a sufficiently good state of preservation to be identified. 
Veins of calcite are abundant in the shales and calcareous sandstones. 

Similar rocks occur along the northern continu- 

« K6jak shales.” 

ation of the ranges in the K6jak pass where 
they are greatly contorted ; from that locality they have derived the 
name of u K6jak shales.’* 

The section, Fig. 6, has been drawn to give a general idea of the 
kind of disturbance exhibited in this region. It is of a somewhat 
diagrammatic nature, as it is drawn approximately at right angles to 
the line of strike, while the Iir>e of march was really an oblique one, 
and it unites therefore features which should be shown on several 
separate sections. But as the same type of structure continues for 
great distances along the strike, the diagram gives a fairly accurate 
idea of the kind of structure. The section represents the eastern 
part of the range as seen along the road to Njishki ; it consists of a 
number of parallel ridges extending between the plain of “Gurgina/* 
there called “ Kardagap ” to the east, and to the west a rather broad 
valley called 11 Kishingi.*’ It will be seen that the disturbance is of 
a somewhat moderate character, and except in one place there is 
no sign of slaty cleavage. If the same section had been continued 
about an equal distance further west, we would have reached the 
escarpment that overlooks the desert. It is not necessary to draw 
this second part of the section, as it would be purely diagrammatic. 
Moreover, the structure remains exactly the same until close to the 
neighbourhood of the final escarpment. At a distance of about two 
miles from that limit the character of the rock changes somewhat 
rapidly. First the folds become much sharper and more numerous 
ahd then cleavage sets in, transforming all the rocks into one mass of 
soft silky slates, amongst which no original structure can be recog* 
nized, Wherever the rocks are thus altered, assuming the facies of 
the KdjakehalQs,” quartz veins are largely developed in addition 
to the usual calcite ones. The cleavage dips very steadily to the 
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cast-southeast, away from the desert depression! giving one the 
Prohibit existence of impression that the tangential force which folded 
SnT^ rtrSrrt depres^ the acted here from east to west. The 

* 00 * rocks of the mountainous region are probably 

forced over the desert depression along an overthrust plane. The 
presence of Siwalik strata also dipping east, all along the western 
foot of the hills, further strengthens this supposition. 

A few miles north of Nushki some hills of limestones and tuff 
intervene between the main range with its fringe of Siwaliks to the 
east, and the desert to the west. This is represented in section» 
Fig* 3* To the west are black volcanic rocks, whose structure it is 
difficult to make out ; apparently resting upon these, with a gene- 
ral eastern dip, but much crushed and contorted are some limestones 
of various colours forming small hills. The limestones are pink and 
flaggy or else green and shaly ; others are white, more massive, and 
considerably brecciated. The limestone and the igneous rocks seem 
to have re-acted upon one another giving rise to green alteration 
products. The easternmost limestones are massive, brecciated, un- 
accompanied by any volcanic rocks, but full of nummulites (d). 
Judging by the dip alone, it would seem that the shales and sand- 
stones of the principal range rest upon this nummulitic limestone, 
but as it is very probable that an inverted fault runs all along the 
foot of that principal range, it is difficult to tell in the absence of 
fossil evidence what the real relations of the rock can be ; the 
presence of a band of Siwaliks (e) between the nummulitic limestone 
and the slates makes it all the more likely that a fault exists here. 

It has been mentioned that all along the western margin of the 
great range where it borders upon the desert, slaty cleavage is highly 
developed. The character of the rocks is so disguised by this 
peculiarity that they might be taken for palaeozoic strata, and have 
been several times described as such. In fact, this was my own opinion 
when I first saw them. Afterwards, however, I observed that they 
pass quite gradually into the shales and sandstones of the central 
and eastern portions of the range. Nowhere can any rigid line of 
( 49 ) 
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Siwaliks. 


demarcation be drawn between them, and the slates are nothing 
more than the shales altered by dynamic metamorphism. Similar 
slates will be described in other regions occupying large areas, and 
with intercalated limestone bands full of nummulites. 

Along the western edge of the principal range, where it borders 

upon the desert, and where, owing to various 

Fault or fissure. .... . 

indications, it seems probable that there runs 

the outcrop of an inverted fault or overthrust, there exists a feature 

which has been variously described as a “fault” or “earthquake 

crack.” It is quite conceivable that it should be related to the pre* 

viously existing inverted fault, 

The Siwaliks shown in section, Fig. 3, continue southwards 

with arvery constant line of strike, more or less 
Siwaliks. . , 

concealed a f times by recent deposits. They 

form a remarkably rectilinear line of conspicuous low hills across the 

Nushki plain, and south of Nushki separate into two branches. The 

eastern branch continues southwards along the south-west strike 

of the main range ; the western branch strikes south-west and marks 

the commencement of a long series of Siwalik ranges which may be 

followed westwards for a great distance, fringing the southern 

borders of a range of older rocks which will be described further. 

The strata usually dip at about 40° in an easterly direction. 
They consist of bright red conglomerates, interbedded with sand- 
stones of various colours. Lower down the section, the sandstones 
are interbedded with clays of various colours, pink, white, green, and 
purple ( v V\)’ and caverns in the beds of conglomerate running 

at right angles to the strike have been filled with a curious calcareous 
breccia 

> All along the foot of the main range is an enormous talus spread- 
ing into the plain of the atony desert. The 

Tilm formation** 

portion north of Nushki was mentioned when 
dealing 1 wjjh hydrography as an illustration of the considerable 


Talus formations. 


1 These and similar numbers are those of the Register of the Survey Collections* 

( 43 ) 
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importance assumed by these recent structures, and of the peculiar 
disposition of the innumerable parallel ravines which scour their 
slope. Immediately east of Nushki is a remarkable hill consisting 
entirely of recent conglomerates and gravels up to its summit which 
reaches up to a height of 4,473 feet according to the map, about the 
same height as many of the neighbouring ridges of older rocks out 
of the dlbris of which it is built. On one side, to the west, the beds 
of gravel and conglomerate dip towards the plain, at an angle of 
about 20°, about the same as the slope of the hill ; the eastern 
side is a gigantic precipitous cliff at the foot of which the rivdr 
41 Khisar” winds its way. It is difficult to understand how these 
recent beds have been heaped up to such an altitude ; perhaps 
they represent an ancient fan deposit of the riier Khisar itself when 
the water supply was more abundant, and before its bed was exca- 
vated to its present depth. Whatever may be its true nature, it is 
evident that this deposit is, comparatively speaking, of great an- 
tiquity, for it has been formed under physical conditions widely 
different from those that prevail at the present day, and it has been 
considerably denuded since the time of its formation, presenting 
as it does a steep cliff on one side, and on the other a slope scoured 
by deep ravines. Yet its formation is posterior to any earth-move- 
ment in the district, for its beds are absolutely undisturbed, and a 
very well exposed section at the northern end of the hill shows them 
resting with complete unconformity upon the Siwalik strata highly 
tilted in the opposite direction. This is one illustration of a ques- 
tion which has been touched upon several times, that is, the absence 
of any distinct evidence of folding within comparatively recent times 
in this region at least. 

Ranges south-west of Nushki . 

The great range of shales and sandstones that bears successively 
the names of Kdjak, Khw 4 ja Amrin, and Sarlat, continues south- 
wards passed Nushki, with the same extremely regular strike S. by 
E. I have not followed this southern extension ; according tb the 
44 ) 
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map, it is not until it reaches a latitude of 28° that its strike begins 
to take a more distinct S. W. trend. But in the immediate neigh- 
bourhood of Nushki is the origin of two ranges with a S. W. strike 
which soon diverge from one another in a sheaf-like manner, their 
strike becoming more and more nearly west. All these ranges are 
separated from one another by great desert plains. 

The northernmost and innermost of these two ranges forms a 
line of low hills, south of the dried-up bed, which constitutes the 
lower course of the Lora river; it follows at a distance the same 
direction as the river, up to the southern extremity of the Lora 
Hamun. South-west of the Hamun it rises to a greater height form- 
ing a conspicuous hill called the u Chapar range.* 1 Beyond this 
occurs a confused mas* of low hills without any very definite direc- 
tion of strike. North of /his range the desert spreads uninterrupted 
as far as the Helmand otul its tributaries ; south of it, a narrow 
strip of desert plain extending from Nushki to Dalbandin separates 
it from the next range to the south. 

This next range which also possesses no general name is of 
much greater importance ; one of it's summits, the Rds K6h, rising 
to nearly 10,000 ft. It runs between the Nushki-Dalbandin depres- 
sion on the north and the Kharan plain to the south. Its strike 
which is south-west in the neighbourhood of Nushki becomes gradu- 
ally more westerly, and, about latitude 64°, the hills sink beneath 
superficial deposits where the Dalbandin and Kharan deserts unite 
into one great plain in the midst of which lies the Hamun-i-Mashkhel. 

I have had occasion to examine this range in several places, and 
the following is an account of the principal points of interest that 
were noticed. 

Hills between the Nushki and Dalbandin desert to the 

\ • 

north and the Kharan desert to the south . 

The extremity of the range in the neighbourhood of the village 
of Bighak consists of a few low ridges striking 
S. by W. The rocks are crumpled to such 
an extent that it is difficult to tell in which 

i 45 ) 
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direction tlie section astends ; it more probably ascends when travelled 
across from west to east as in the case of the section described 
north of Nushki (page 43). The westernmost and probably lower- 
most rocks are calcareous shales whose deep brilliant hues,' red and 
green, are probably doe to the admixture of volcanic material ; they 
are associated with conglomeratic and pebbly bands in which the 
fragments consist of volcanic materials but which exhibit a distinctly 
waterworn appearance. Continuing eastwards, the same rocks 
become interbedded with limestones some of which are arenaceous ; 
they contain a few shattered fossils mostly species of Cerithium that 
appear identical with others met with elsewhere together with Rani- 
kot fossils. Other instances will be noticed where these con- 
glomerates are found associated with beds containing a Ranikot 
fauna (page 58). Further east is a thicker bedded limestone rising 
to form a ridge in which a violent anticlinal flexure can be recognised. 
Beyond it come some more variegated shales and then tall crags of 
nummulitic limestone. This forms the culminating point of the ridge ; 
on the eastern slopes, we meet with more variegated shales, and 
again nummulitic limestone, the conditions being too much disturbed 
to decide whether it is a repetition or not of the first one. Lastly, 
a broad plain extends to the foot of the Siwalik hills that border the 
great Nushki range. 

In a S. by W. direction, these ranges rapidly increase in height, 

reaching an altitude of 5,825 ft. to the east of 

Tafui section. .. 

" Jaurakin. 1 did not examine this portion of 
the range, but a little further, in the neighbourhood of "Tafui 
hill,” it still consists of tertiary shales and limestones. The total 
width of the range increases as well as its height, and beyond Tafui 
another kind of rock sets in, in addition to those already mentioned : 
these are tuffs similar to those that were first mentioned in the sec* 
tion north of Nushki ; they skirt the north-western edge of the range 
forming black ridges which gradually increase in height; seen from 
the plain on the north side they present the appearance of a great 
black well which conceals all the tertiary ridges to the south*ea!st. 

( 46 ) 
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The section, Fig. 16, is taken about four miles to the south-west 
of Tafui hill. The tuffs a are succeeded by a limestone which 
apparently underlies them, but it is quite possible that the dip is 
inverted : about three miles further on the road that leads to the 
peak called Sheikh Hosein, a limestone similarly placed and con- 
taining nummulites is seen to distinctly overlie the volcanic rocks. 
In the present instance the limestone b is altered to such an extent 
that no fossils can be recognised. Next come green slates c with 
very well marked cleavage. Next we find a great longitudinal 
valley separating the range into two principal masses and occupied 
by a syncline of Siwaliks. These consist of the usual sandstones, 
coloured clays, and conglomerates. At k the junction with the 
older rocks is very dearly exposed showing a complete uncon- 
formity : the lowermost bed of the Siwaliks is a conglomerate con- 
taining rock fragments even fossils derived from the strata d . 
The axis of the synclinal trough is very distinctly exposed in the 
shape of a well-marked flexure, the uppermost bed consisting of 
conglomerate. Upon the Siwaliks rest great horizontal masses of 
recent gravels. 

The strata at d are shales and sandstones with a few very 
narrow bands of limestone, absolutely similar in appearance to ihg 
rocks of the great range east of Nushki (Fig. 6) ; but in the 
present instance, some recognisable fossils were found in a few beds 
of limestone or calcareous sandstone : there are very large indivi- 
duals of Nummulites granulosa , d’ A. and H., a fossil characteristic 
of Khirthar beds met with in other regions ; it is associated with 
numerous specimens of an undescribed nummulite which also occurs 
abundantly amongst the Khirthar strata of Saindak (page 83) In 
the present instance therefore these shales and arenaceous sand- 
stones may be safely ascribed to the Khirthar stage. The dips are 
high, but the effects of compression are very moderate especially 
when compared with the disturbed condition of the slates c . But as 
we continue* travelling across the section, the effects of compression 
gradually increase until we get at 4 the most intense slaty 
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cleavage ; yet tbe contortions recognisable in the rocks are so 
numerous that it does not seem that the section either ascends or 
descends) and the succession of argillaceous) arenaceous, and 
calcareous beds is so similar to what we found at d 9 that the beds 
are no doubt the same altered by metamorphism : the passage is 
quite gradual) and even where the slaty facies is most developed, 
nummulites are still recognisable. Thus it is quite possible that 
the enormous masses of highly altered slates that form such a marked 
feature of Baluchist&n may largely consist of rocks belonging to so 
late a period as the middle or even upper eocene. Just as in the 
range east of Nushki, this slaty alteration is accompanied by a great 
development of quartz veins. 

Lastly at /, is another limestone succeeded by more Siwaliks 
k , beyond which- stretches the high level plain of Kharan t\ covered 
with stony alluvium. The hills at /, dip S. E., but were only seen 
from a distance. 

Following the ranges still further in a south-west direction, 
we find that the strike becomes more decidedly 

Shekh Hosein. 

south-west and the height keeps on increasing. 
The conspicuous limestone peak of Shekh Hosein lises to a height of 
$,875 feet The hills consist of exactly the same rocks with a 
gradually increasing mass of volcanic strata along their no th- 
western border. Not only do these volcanic rocks * form a 
continuous barrier skirting the main range, but isolated hills show 
through the alluvium at distances of as much as two miles from the 
mountains: of such a nature is the curious little hill called u Mall 
Mekh.” These tuffs, consisting of fragments sometimes almost 
large enough to make them deserve the name of conglomerate, are 
associated with finer grained ash-beds and frequently with bright- 
coloured limestones. They belong to the “flysch” series, but in 
the present case their age is probably newer than cretaceous, or at 
least the uppermost beds are lower eocene, for as was already men- 
tioned (page 47), on the road that leads to the #iArat of i^heikh 
Hosein we find them immediately overlaid by a limestone containing 
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nummulites. Moreover, this nummulitic limestone is itself succeeded 
by beds which still contain a large proportion of volcanic material 
showing that the volcanic activity had not ceased yet. The fossils 
in this lowest nummulitic limestone consist of species of Nummulites 
and Alveolina met with elsewhere in strata of the Ranikot age. 

As to the tall range whose highest peak bears the name of 
Shekh Hosein, it also consists of nummulitic limestone, but the beds 
here are ciushed and disturbed to such an extent that their succession 
could not be unravelled during the short time at my disposal. 

These unusually tall peaks favour atmospheric precipitation, 
moisture collects upon the steep limestone slopes and even rain oc- 
curs occasionally. These favourable conditions have given rise to a 
perennial spring in the neighbourhood of which is a #< zi&rat” resorted 
to by pilgrims who cor^e even from great distances. The zi&rat is 
consecrated to u Shekh Casein, ” a mythical saint round whom many 
legends have gathered. The limestone cf the neighbouring hills has 
a concretionary structure, causing it to weather out in large spherical 
boulders These are said to be the remain* of an invading army of 
Moguls who were sent to attack the saint. The c< Shekh ” turned 
them all into stones and tte boulders are the heads of the miscreants 
that rolled down the valley. The valley is occupied by a perennial 
stream which has allowed the creation of fields cultivated by the 
faqirs who take care of the “ zidrat.” 

The next pass leading across the ranges into the Kharan plain 

Section along the Ni- is ca,led the “ Nimik Pass.’* Just as in the 
inik Pass. sections above described, near Tafui and Shekh 

Hosein, the north-western portion of the ranges consists of bedded 
tuffs of the‘'fljsch” period (see Fig. 18). It has been mentioned 
that their importance gradually increases as we follow the strike of 
tile ranges in a south-west direction. Near the entrance to the Nimik 
Pass they have spread out, forming several tall parallel ridges con- 
spicuous for their rugged outline and black colour. The outermost 
range is calfed u Lagbar Kdh.” Between that mountain and the 
next ranges to the south-east also consisting of bedded tuffs, there 
E ( 49 ) 
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extends a great talus called “ Phoghdan,” or “the place of Pbogh, 99 
from tbe name of a bush called by that name. The rocks dip at 
such high angles and the bedding is so obscure amongst these black 
volcanic beds that it is difficult to tell their true structure. Laghar 
K6h seems to be a sharp anticline. In the range south-east of Phogh- 
dan the dip appears to be generally south-east. In addition to the 
bedded volcanic rocks there are numerous narrow basaltic dykes of 
much later date. Similar dykes will be mentioned in many other 
localities cutting through all manner of sedimentary and igneous 
rocks. 

Resting upon these tuffs are flaggy limestones interbedded with 
shales, or rather slates, and which present brilliant green and red 
colourations. These brilliant colours are probably due to an admix- 
ture of volcanic material, and several instances have already been 
noticed in which the lower eocene beds are of a tuffaceous nature. 
Such is, perhaps, the age of these strata, but in the present case they 
are altered to such an extent as to be transformed into finely lamel- 
lar slates. Sections of corals may be discerned in some of the thicker 
bedded limestones, but no fossils were met with in a sufficient state 
of preservation to be identified. The Nimik road from Phoghdan 
follows a rather steep path that rises amongst these rocks. They 
are shown on the section between the points marked r. 

The plain of Kharan stands at a much higher level than the desert 
to the north-west of the ranges ; hence, the road after rising to the 
top of this steep path (where there is a siarat dedicated to the Pfr 
Sult&n) does not descend again, but simply winds about at a nearly 
constant level amongst the ridges that constitute the range and 
reaches the Kharan plain at “Shir Ajab zi&rat/ 9 near the place 
marked <( Arrok M on sheet 22 S. W. Judging by analogy with 
the previously described sections, all these rocks [d) clay-slates 
and limestones must be tertiary, but they are cleaved and 
metamorphosed to such an extent that all trace of any fossils 
has disappeared. The shales are entirely transformed into soft 
micaceous, silky slates ; some indistinct spots occasionally seen in 
( 50 ) 
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'the limestone bands might be the remains of nummulites. Only in 
one instance, to be further described, in the Persian province of 
Sarhad did I come across such an extreme type of metamorphisa 
(page 89). It is only in the limestone ridge bordering the Kharan 
plain at Shfr Ajab Zifirat {f in section) that any distinct sections 
of nummulites can be recognized. This limestone rests upon shales 
which are not quite so much altered as the slates just described. 
Beyond this point the rocks are hidden under alluvial deposits. 
Other low ranges occur between the alluvial plain and Naords Kh&n 
Kelat. All that can be made out from a distance is that they have 
a south-east dip, but I did not visit them. 

Continuing further south-west along the strike of the mountains 
the ner,t pass is the “ Parhod Pass, " which I 
.}» Psrhod. Pm*. did not visit. It is probable that the central 
ridges still consist of t^ftiary rocks, but it would seem that the 
range is bordered on either side by an outcrop of the bedded tuff 
of the flysch. Along its north-western border the volcanic strata 
described in the previous sections still continue uninterrupted, while 
on the opposite side the range called 11 Chir Kdhan,” a tall black 
ridge, apparently consists of similar rocks so far as could be judged 
by its appearance from a distance of about three miles. The out- 
crop is perhaps connected with the band of volcanic strata that 
forms the range called “ Charian ” and “ Sehchang ” further west- 
south-west, but of this I could not make certain as I did not visit 
the country south of “ Ris K6h.” 

Still continuing in the same direction we find that the strike of 
. the ranges becomes unsteady. Portions with a 

The Ris K6h intrusion. 

sooth- west or west-sooth- west strike are ir- 
regularly dovetailed into others that lie east-west. It is here that the 
most conspicuous feature of the range commences, the great plutonic 
mass, whose highest summit, the “ Ris K6h," rises to a height of 9,899 
feet This great igneous outcrop has the shape of an irreguidr 
elongated oval whose length a thirty-eight miles, while the maximum 
width averages five miles. The general trend of the outcrop m 
E * ( 5 > ) 
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cast-west. The intrusive character of the rock is made clear by tfar 
apophyses which it sends into the surrounding rocks and the inclusions 
of sedimentary rocks all round the margin of the igneous mass. The 
sedimentary rocks are altered by contact metamorphisrp» and the 
intrusive rock itself is of a different character near the boundary, 
becoming finer grained and less perfectly crystalline. 

The minerals present in this rock are orthoclase and oHgoclase 
felspar, augite, hornblende, biotite, magnetite (or ilmenite), spheneand 
apatite. The two latter minerals are very abundant and conspicuous 
even to the unaided eye, the apatite often forming beautiful 
crystals of a pale sea-green colour, which frequently reach a dimen- 
sion 5 millimetres in diameter. Throughout the enormous area occu- 
pied by the plutonic mass the same minerals are found, but their 
proportion varies greatly from place to place. In the eastern portion 
of the intrusion the rock contains a considerable proportion of large 
crystals of orthoclase. Augite is much more plentiful than 
hornblende, so that the rock should be classed as an augite syenite. 

Further west the proportion of hornblende 
Augite syenite. . ... ... t . . 

increases, while orthoclase is replaced almost 

entirely by plagioclase felspars, the rock becoming a diorite. 

South and south-west of Alam Kh4n, at the western extremity 
of the great intrusion where it breaks up into a number of separate 
dykes, the structure as seen under the microscope is quite por- 
phyrkic ; and this is the case also with all the specimens collected 
near the junction of the igneous mass with the sedimentary strata, 
even where the outcrop is broadest. 

In these portions where the outcrop is very broad the sedimen- 
tary rocks are altered by contact metamorphism up to a distance of 
as. much 'as fifty feet from the boundary of the intrusion. On its 
northern side the intrusive mass comes into contact with ancient 
volcanic rocks of the flysch period ; being igneous rocks themselves 
tfley do not show very conspicuously the effects of contact metamor- 
phism. But to the south where the intrusion has foundj its way 
through the eocene argillaceous rooks the effects of metamorphism are. 
( 5 * ) 
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vety dearly marked. The tertiary rocks here consist principally of 
shales which, as elsewhere, are affected by regional me ta morphism 
which has converted them into slates ; these slates are very well 
cleaved, but they are soft and friable. In the neighbourhood of the 
intrusion they become baked into a hard rock. 

South of Charsar the syenite is cut through by very curious 
dykes of hornblende-biotite-porphyry, a yard or two in width. 

The syenite or diorite is further remarkable for containing silicate 
of copper, not in veins but in grains or small masses distributed 
through the rock, as one of its constituent minerals. The same 
peculiarity is observed in the Lar K6h diorite in Persia (page 86). 
The metal has been occasionally extracted by inhabitants of the 


neighbourhood. 1 

The great igneous intthsion terminates in the neighbourhood of 
the **e!l called “ Alam Kh 4 n*’. The range has 

The Pir Puchl Pass. ^ere attained a considerable width, as much as 

twenty miles. It is crossed at this place by the best of the passes 
that lead into the Kharan State, an excellent road called the “ Pfr 
Puchi Pass." The general strike of the ridges is here W. S. W, 
but the local variations are numerous and irregular. The outcrop 
of ancient volcanic strata which constantly forms the northern- 
most ridge of the mountains from Tafui westwards can still be 
recognised in the same position although somewhat dwarfed* But 
a short distance south of it another outcrop of the same rocks 
forms the conspicuous black range appropriately called “Siih 
Chang " (the u black mountain *') and further east “ Charian ". This 
outcrop is perhaps the western continuation of the “ Chdr Kdhan " 
(page 51). 

( At the northern entrance of the “ Pfr Puchi Pass we find thus 
two roughly parallel, or rather converging outcrops of flysch strata. 
The eocene shales ind limeatbnes lie between these two, farthing' 
an irregular s^nclihe which becomes narrower in a westerly direction* 

t Prof. Judd hti noticed the exietence of cupriferous igneous reck* in Scotland (Quart. 
Jews* Gaol. Sec., V 0 I.XLI, p. 374). 
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In fact it teems m far at can be judged from a distance, that the 
tiro oatcrops of volcanic strata coalesce into one, in the neigh* 
bourhood of the locality called Kanian ; bat I have not made sure of 
this by actual observation. The syncline of tertiary rocks consists 
principally of slaty shales with some narrow limestone bands con- 
taining nummulites. Underlying these nummnlitic strata and 
immediately overlying the bedded tuffs are those same bright coloured 
shales and flaggy limestones that were already mentioned when 
describing the Nimik Pass Section (page 50) ; in the present case 
they are also highly cleaved. 

With the possible exception of the rocks at (A) (Fig. 4), which 
1 have not visited, there is nothing but tertiary rocks between the 
Charian range and the Kharan plain. The Kharan plain here is much 
lower in altitude than in the case of the sections hitherto described. 
It has become a broad desert of alluvial “ pat "and sand dunes. 
South of the Charian range the mountains consist of innumerable 
ranges of slates ; the beds are sharply contorted, causing them to dip 
at very high angles, as is shown in the illustration (PI. X) of the 
hill at Zard. We have here an instance of the irregularities 
mentioned above with respect to the strike : the strata shown in this 
picture dip io° E. of N. at 75°, the strike being therefore in this 
special instance 10 4 N. of W., while the general trend of the ranges 
is W. S. W. The sbaly beds are everywhere converted into slates, 
but nummulites are still recognisable in the limestone bands. 

A considerable limestone band gives rise to a tall range north 
of Jalawar. Sections of nummulites are clearly seen upon the 
weathered surface of the rock (fin section, Fig. 4). It in under- 
land by sandstones containing volcanic material and by shales which 
are not cleaved to the same extent as those met With along the 
main portion of the section. -The limestone belongs probably to the 
AnaOret horison like the one described in the Shekh Hesein section 
(page 4®)- It seems that there is again a limestone at Jalawar, at the 
edge of the desert plain (A in section). It is not only of geological 
but mho historical interest, as it carries an inscription several centuries 
t 54 ) 
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old; unfortunately I received this information after leaving the 
region, and on the only day that I could dispose of, I found the hour 
so advanced that I returned northwards when within one_xnile from 
Jalawar, where the inscription is to be seen. 

This inscription (a Mahomedan one^, is one of the numerous 
remains that indicate a previously flourishing condition of this region 
now absolutely uninhabited except for six weeks during the .'‘spring- 
time when small companies of men with pack-animals come and 
encamp amongst the hills to collect asafcetida. In all’the valleys 
south and south-east of Zard, the walls called “Gdrband,” those 
remains of terraced fields which I mentioned previous chapter, 
are met with in countless numbers,, In another part of the Kharan 
hills, in the “Nimil Pass/ 1 Mahomedan tombs were met with 
built in exactly the same style as these old walls. I have already 
referred to these structures (page 37) as showing that the complete 
dessication of the country as we see it at the present day must be 
of a very recent date. 

West of the Pir Puchi Pass the ranges that we have followed 

Western termination of £r0m the neighbourhood of Nushkl gradually 
the Kharan ranges. decrease in height, and about longitude 64° 

they sink beneath the recent deposits of the desert plain. I have 
not examined this western termination of the mountains, although 
there are no doubt many points of interest, for instance, the curiously 
rectilinear ridge called “ Irani Thai Gar ”. It is quite possible that 
the folded structure continues beneath the alluvial deposits of 
the plain surrounding the Hamun-i-Mashkhel, and that the low 
ranges south-west of the K6h-i-Sultin are structurally the continu- 
ation of the Kharan hills, this time with a N. W. strike. They will 
t be described in a future paragraph. 

Incomplete as they are, the observations made upon the range 
which has just been described, are sufficient 
Conclusion. ( to s h ow that it possesses a very irregular struc- 

ture. Its northern edge is particularly abrupt and shows nowhere 
the regular band of Siwaliks which form so conspicuous a feature 
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along the foot of the range east of Nushki (page 43) and which 
recur in a similar situation along the Saindak ranges (see 
page 79). On the other hand Siwaliks were found occupying a 
valley in the midst of the mountain mass (see ante } page 47). The 
component ridge&> show many irregularities in strike, and the great 
syenitic intrusion of R 4 s K6h forms an elongated outcrop whose 
position does not bear much relation to the structure of the surround- 
ing sedimentary rocks. Thus it seems that the structure of the 
range is very complex, but my observations are not sufficient to 
unravel its peculiarities. 

The next range to the north has received still less attention ; 
but it seems to present at least one very regular feature, it is a 
constant belt of Siwalik strata along its southern border, everywhere 
dipping inwards, towards the range. Between this belt of Siwaliks 
to the north or north-west and the Kharan hills to the south or 
south-east, there extends a plain having the 
ThC f dcprol«»on. band,n shape of a very broad flat valley whose width 
gradually increases in a westerly direction 
until it joins the Kharan plain and they both merge into the great 
depressed area of the Hamun-i-Mashkhel. 

In the neighbourhood of Nuskhi this plain is comparatively well 
watered and accordingly it is somewhat extensively cultivated. But 
as it gradually broadens to the south-west, it soon becomes one vast 
desert. Oases are only found in places where a 11 kir 6 z ” proceeds 
from the talus of the Kharan ranges ; for instance, at Mall where a 
large area planted with tamarisks gives almost the illusion of a Sind 
landscape ; again at Charsar where there are some brick tombs proba- 
bly of the seventeenth century whose construction, rough as it may 
be, denotes a state of the population less degraded than at the present 
day. There is also a certain amount of irrigation in the neighbour- 
hood of Dalbandin. 

A great portion of the plain is covered with sand dunes, even in 
the immediate proximity of cultivated land; for instance, at NushltL 
Where it ia not concealed by wind-borne sand, the surface of the 
f 56 ) 
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desert consists very largely of the loose gravels called * 4 dasht/ # or 
else in the low-lying parts we find those accumulations of dried up 
silt called rt pat ,> (see ante , page 12). Sometimes the 11 pat” is 
covered with a saline efflorescence in which case it takes the name 
of l< narpat. ,# A few depressions are occupied by the permanent 
ponds called 11 nawar" (see page 13). 

Only in very rare instances do inliers of the older rocks rise out 
of these recent deposits ; when they do occur, as at Mall and at 
Padag, they are not far distant from the main outcrop. This almost 
complete absence of exposures away from the mountain ranges 
appears to be a general feature of many Iranian and Central- Asian 
districts. It has been commented upon by Mr. Blanford as a proof 
of the enormous thickne*^ attained by the recent formations. 1 

Range extending north of the Nushki-Dalbandin depression . 

In describing the geology of the neighbourhood of Nushki, it 
was mentioned (page 43) that the southern 
Nuthki to^the Lora continuation of the Siwalik hills separates into 
mmuu ° two branches. The western branch marks the 

commencement of along line of similar strata forming the southern 
border of the low range that runs between the Nushki-Dalbandin 
depression to the south, and the bed of the Lora to the north. As 
the greatest part of this range has remained unexamined, it is not 
possible to tell for certain the nature of the belt of strata north of 
the Siwaliks. This eastern portion of the range (east of the Lora 
Hamun) was crossed only once, and then very rapidly in the neigh- 
bourhood of “ Mdkh-i. Rustam,” on the day that I visited the curious 
conical hill bearing that name. At that spot the Siwaliks form 
numerous parallel ranges very similar in appearance and in composi- 
tion to those of the Pishfn plain. They invariably dip N. by W., 
as if underlying the older strata north of them, which also dip in 
the same ^di^ectbn, making it clear that they must be separated, 
from them by a fault or more exactly a thrust-plaqe. These older 
1 Quart. Journ, Goo U Sec.* VoL XXIX (1873), p. 498. 
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strata consist of friable shales and sandstones, very much contorted 
but without any indications of slaty cleavage such as occurs in 
the Kharan hills. Fossils are found in an excellent state of preserva- 
tion, but unfortunately I had no time to collect ; nummulites , alveo- 
li Has, opereulinai , eer it h turns and other fossils of Ranikot age were 
found Here also conglomerates of volcanic pebbles were met with, 
such as have already been noticed in other instances amongst beds 
of that age (page 46). 

The M6kh-i-Rustam is an igneous intrusion. Owing to the com* 

MSkb-i Rnstsm paratively small dimensions of the plutonic 
mass, the structure is not a granitic one as in 
the case of the Ras K6h syenites, but it is porphyritic, the rock being 
a felsite porphyry. Being a highly siliceous rock it successfully resists 
weathering, while its compact nature explains why it has withstood 
denudation so much better than the friable sandstones and shales 
that surround it. The curious conical hill rendered so conspicuous 
by its contrast with the insignificant hills that surround it does not 
by any means represent the original shape of the intrusion, for up to 
a distance of one mile north of it, the same rock still appears in situ. 

Not far from the southern shores of the Lora Hamun stands 

rtiai»r range and it* another conspicuous hill of conical shape, at 
•etgkboarhood. one f, me an i s l a nd before the lane had dried up, 

probably still so in time of flood. This hill, the Gaukdh, does not 
consist however of igneous rocks, but of hig h dipping, in fact verti- 
cal limestones. West by south of it the smaller K6h-i-Gav is 
similarly constituted, and from there, in a direction a few degrees 
south of west, a continuous outcrop of the same limestone forms hills 
gradually increasing in height and culminating in the tall scarped 
mountain called Masanen Chapar or the Great Hill." Still further 
west these rocks again decrease in height forming the Kasanen 
Chapar or M Small Hill." 1 No fossils were found in this great lime- 
stone, save a few indistinct corals. The rock certainly resembles 

1 Bleeetheeetine* mwts written, the eutbor ha* again viitttd the Chapbr htlta. The 
■ppermotf beds of the Kacaaen Chapar limestone contain the C riita btaumonh fauna. 
The age of the limestone is therefore upper crttaceoe*. 
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closely a limestone of *' Cardita beaumonti" age which wilt be men* 
tioned further in connection with the Malik Gatt ; it also overlies 
shales of olive*green and other tints also closely resembling the 
Cardita beaumonti shales of Malik Gatt. It is true that at Kin* 
about one mile north of the Chapar limestone, there occurs a small 
hill in which fossils were collected indicating an upper cretaceous 
horizon. Both in this small hill and in the great Chapar range, the 
strata dip slightly W. of N. at angles varying from 20° to 3>°. If the 
structure is a normal one the strata at Kan must belong to a horizon 
several thousand feet higher than the Chapar limt;'tone, which there* 
fore might belong to the middle or even lower cretaceous. But as 
the section is not continuous, the two ridges being separated by an 
alluvial plain, their i%.?ative stratigraphical ‘position must remain 
doubtful, especially aft the Siwalik strata are still there along the 
southern margin of the folded region, reminding us that the struc- 
ture is not a simple one (Fig. 5). 

North of Dalbandin these Siwaliks form an outcrop several miles 
wide, no doubt the continuation of the band mentioned first near Nushki 
and again south of the M6kh-i-Rustam. In the present instance they 
constantly dip north, or slightly west of north, often at angles of 55° or 
even more. Their conglomeratic beds frequently contain fragments of 
the rocks occurring north of them. The petrological characters of the 
latter rocks show them to be older than the imperfectly indurated 
Siwaliks. As, however, the dip remains unaltered, it is evident that 
there occurs here an inverted fault. These older rocks consist of 
tuffs and ash-beds of the flysch period. Some of the ash*beds assume 
almost incredibly vivid colours on weathering, and as beds of this 
nature have largely contributed by their desintegration to provide 
materials for the formation of the Siwalik strata, this may account for 
the bright colours exhibited by many of the days in this latter formatioa. 
The flysch strata generally dip 15® W. of N. at high angles, 60® or 
more, and tyey are moreover aharply contorted. The next bind 
of rocks to the north, whose strata apparently rest upon those of the 
llyaeh, are ahales and calcareous sandstone* with nome conglomerates, 
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of volcanic pebbles, very similar to the Ranikot beds observed near 
Mdkb-i-Rustam. No fossils were observed, but supposing this to be 
their age, their position relatively to the flysch strata would be 
normal. 

North of these presumably eocene beds there is a plain covered 
with pebbles beyond which occur the olive-shales and then the great 
limestone of the Chapar range. If the band of shales and calcareous 
sandstones be tertiary, and the olive-shales and limestone of the 
Chapar range cretaceous, it is evident that a thrust-plane again occurs 
here, for the direction of dip remains unchanged in all these rocks. 

The Chapar limestone is about 500 feet thick ; it is overlaid by 
some calcareous flags resembling the strata at Kin, and another 
alluvial plain extends up to the small hills at the last named 
locality. Figure 7 shows a more detailed section of these small hills. 

Some fossils were collected in the strata composing this small 
ridge, and Dr. Noetling who kindly examined them pronounced them 
to be upper cretaceous. The commonest form is a Cardita closely 
allied to Cardita beaumonti, in fact a mere variety. 

The structure of this small ridge is not everywhere so simple 
as is shown in Fig. 7, occasionally there occur some very sharp 
contortions. Whether or not these beds really belong to a higher 
horizon than the Chapar strata, has already been discussed. It 
is evident that the entire group of hills has a complex structure, and, 
since fossils do not occur everywhere, the exact relations of all 
|he strata could only be made out by carefully mapping out each 
outcrop ; a single traverse cannot give the key either to the strati- 
graphy of the range nor to the age of the beds. 

Following the strike of the Siwaliiei in a westerly direction 
* beyond Dalbandin, we ‘find that the width of the 
dapMits Mxth-we* sod outcrop still further increases. These strata 
««tof Dtibssdia. do not form here those low parallel ridges so 
characteristic of other regions, but the «fttjre*t|rface of the ground* 
is <ut out in a succession of terracesdp the manner described in a 
previous chapter { page 3s ). The temlfes ate covered with sub* 
( 60 ) 
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recent conglomerates hardened into a compact mass; these gravel* 
are of fluviatile origin, the ground generally having a very gentle 
slope in the direction of the drainage, but as pointed out in a previous 
chapter, the very regular differences of level between these recent 
conglomerates, the lowest being the newest, no doubt represent 
corresponding differences of level of the water surface in the 
gradually dwindling lakes. 

Throughout the considerable width of the Siwalrk outcrop the 
dip is everywhere northward, often at high angles, the sub-recent 
gravels resting horizontally upon the denuded edges of the tilted 
strata. The Siwaliks consist of the same rocks a: elsewhere: clays 
often bright-coloured, loose sandstones, conglomerates. No definite 
succession can be made out, although it is probable that .the clays 
afe generally older, the conglomerates generally newer. The clays 
are often intersected by a perfect network of veins of gypsum, 
the mineral occurring both in clear mica-like plates, and in an earthy 
form. It is often associated with very clear crystals of calcite, 
which take the shape of obtuse rhombohedra. 

North of these Siwaliks is the Gatt-i-Hamun or 41 Cliff of the 


Gatt-i-Htmun Marsh/’ It may be regarded as the continuation 

of the folded band of rocks extending south of 
the Lora river and through the Chapar range. The cliffs are formed 
by the scarped face of a thick limestone mass (c in Fig. 8). It is 
underlaid by olive-green shales which are visible up to a certain 
distance south of the escarpment, being very highly contorted (a id 
Fig. 8). They contain numerous veins of gypsum. The limestones 
are associated with volcanic tuffs. These rocks greatly resemble 
those to be described at the '* Malik Gatt ” (page 63), which are of 
Cardita beaumonti age, but in the present instance I did not meet 
with any distinct fossils. 

The hills in the neighbourhood of Mirui may be looked upon as 

Hilirmt Mimi a ^ urt ^ cr continuation of the same range. They 
4 consist of folded strata, greenish-grey stales 
and calcareous sandstones petrologically identical with those that form 
the great range east of Nushki (page 41). Just as at Nushki, there 
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are do fossils or only very indistinct ones, but reasons have been 
slated for regarding these rocks as tertiary. The mode of disturb- 
ance is quite similar to that represented in figure 6, giving rise to 
the same castellated and ruiniform appearances. The ranges gene- 
rally trends few degrees S. of W., but the strike is irregular. Along 
the north-western border of the hilly tract are a few conglomerates 
with volcanic pebbles such as were met with near M6kh-i-Rustam in 
beds of Ranikot age (page 58). 

Near the south-eastern edge of the hills, where they border on to 
the desert, the strata are cut through by dykes of quartz-felsite- 
porphyry. 

The irregularity of the structure at this point is further exemplified 

The Laki Hflia. * n ^e three hillocks called the Laki hills 
(“Laka" on the map) south-east of Mirui. 
Here the strike is W.-N.-W. instead of W.-S.-W., the dip southerly 
instead of northerly. West and north-west of the hillocks the 
region separating them from the Mirui hills is entirely covered with 
recent deposits so that the structural relations of the two groups of 
hills cannot be made out. To the north, east and south-east of the 
Laki hills, Siwalik strata are seen. This is the most westerly 
outcrop of the band of those rocks which we have followed westwards 
from the neighbourhood of Nushki ; bejond this point everything 
is concealed by recent deposits. Immediately east of the Laki hills, 
an anticlinal axis runs in an easterly direction through these 
Siwaliks, showing that they also no longer possess so simple a 
structure as further east* 

As to the Laki hills themselves, they consist of gypsiferous 
shales and tuffaceous sandstones of bright colour, overlaid by a 
coralline limestone. All these strata fre highly disturbed and 
crushed. Fossils are plentiful but distorted and badly preserved owing 
to the shattered condition of the matrix. Dr. Noetling who kindly 
examined them assigned to them a Ranikot age. The commonest 
form is Astrcccenia blanfordi \ Duncan, a typical coral of the 
Ranikot in Sind. 1 ' 

1 Palaeontologta Indict, Scries XIV, Vol. I, Pari 1, p. 4 A, 
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North-west of the Mirui group of hills there is a curious feature 
„ „ called Malik Gatt or Gatt-i-Barot, from the 

name of a neighbouring spring in the midst of 
a deserted plantation of date-palms. It is an elongated tabular hill 
consisting of absolutely horizontal strata. The longest direction 
of the hill is in a S. W. direction. The horizontality of its strata 
is quite exceptional and local, for similar strata that outcrop north- 
west and south-east all dip at high angles to the ncrth-west. 

The hill (PI. V) has a terraced appearance due to two import- 
ant limestone bands. The lowermost beds ( l in Fig. 2 ) are soft 
dark grey shales full of veins of gypsum. Above these are coarse- 
grained beds, sometimes almost conglomeratic, made up of volcanic 
fragments, and full of oyster shells (a). Next comes a limestone (3), 
of brown or buff colour, with black fossils. The uppermost beds 
of this limestone are full of volcanic material. The shales (4) which 
are often of greenish and purplish tinge are frequently interbedded 
with conglomeratic bands resembling those that form the band (3). 
Lastly they are overlaid by the coralline limestone (5). Petro- 
logically this limestone is not unlike the coralline limestone of 
Ranikot age of the Laki hills ; but the fossils show that it belongs 
to a different horizon, being upper cretaceous. Dr. Noetling 
recognised several forms characteristic of that horizon ; the variety 
of Cardita beuumonti which 1 mentioned as occurring at Kin (page 
60) is also found here. 

I have stated that the horizontality of the beds constituting the 
Malik Gatt is exceptional as it is surrounded by high-dipping strata. 
In fact the north-eastern extremity of the tabular hill itself exhibits 
some disturbance. As already stated, both north-west and south- 
east of the hill, the dip is north-west. Throughout the plain south- 
east of the Malik Gatt, separating it from the Mirui ranges, small 
outcrops of a tuffaceous sandstone are frequently visible notwithstand- 
ing the presence of recent pebbly alluvium. As the dip is always in 
the same direction, it would seem that the rocks of the Malik Gatt 
belong to a horizon higher than those of the Mirui hills ; but in the 
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former case the rocks are cretaceous, in the latter they are probably 
tertiary. The case is analogous to that of the Chapar range and 
the strata south of it (page 59), and here also the probable explana- 
tion is a fault or thrust-plane. 

There are a few outcrops of rocks west of the Malik Gatt, the 
So*n bate aontb-eaat most westerly ones forming some sniall hills 

si CfeiWSac&s. south-east of Chah-i-Sundan. They consist of 
strata very similar to those that form the Malik Gatt ; shales and 
limestones interbedded with sandstones and conglomerates formed of 
volcanic fragments. The dip here is not in the same direction, 
however, as near the Malik Gatt; it is io° west of south at low 
angles from io° to 15°. 

This is the most westerly hill which can be regarded as the con- 
tinuation of the more northern of the two ranges which we have 
followed from the neighbourhood of Nusbki. West of this point 
everything is hidden by recent deposits for a distance of sixty miles 
when another set of low parallel ranges rises out of the alluvium 
south-west of the K6b-i-Sultin, this time with a west-north-west 
strike. It has already been mentioned (page 55) that they may 
represent the continuation of the Kharan hills, but it is just as 
probable that they are connected with the range last described. In 
fact it is quite possible that beneath the recent deposits of the great 
sandy desert north of the Hamun-i-Mashkhel, the flexures of both 
ranges become broader and shallower and finally coalesce into one 
broad folded area south-west of the K6h-i-Sultan. 


Hills of the BalAch-Afghin Boundary. 

Let us take it for granted that the folded strata do really continue 
beneath the recent alluvium between these last hillocks of Ch 4 b-i* 
Sundan and the low ridges south-west of the K6h-i-Sultin, in 
accordance with the above supposition. We would then have an 
uninterrupted band of folded strata extending from Nushfei to the 
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east up to K6h-i-Malik-SMh on the west along an are o f a circle 
concave towards the north. South of it, as far as the Mekran 
coast, the folded ranges are closely packed in parallel series with 
occasionally a longitudinal desert plain extending between two ranges 
that are exceptionally far apart. But north of the concave side of 
the arc the desert plain extends uninterrupted up to the Helmand 
river (and even beyond). Some hills do occur nevertheless, and 
even rise to considerable altitudes along the Baluch-Afghin boun- 
dary; but their structure differs from that of the folded ranges to 
the south ; we find no more any regulaiity m the strike, and the dips 
are often quite shallow. The hills belong to the second regional 
type mentioned at the beginning of these notes (see ante y page 7). 
It would be perhaps more logical to describe them after completing 
the description of the folded ranges* but as the order followed in 
these notes is rather geographical thaa geological, they will be con- 
sidered now, as they conveniently bridge over the great interval 
covered by recent deposits that lie further south between Chdh-i- 
Sundan and the ranges south-west of the K6h-i-Sultdn. 

We shall proceed with the description in an east-to-west direc- 
I stands in the Lora- ^ on * Several rocky islands rise from the sun- 
H * mun * cracked mud of the Lora-Hamun. One of these 

is Gauk6h already mentioned as forming part of the Chapar lime- 
stone outcrop (page 58). A little further north are some small 
conical hills, 41 Khalbut” and “Kaft^ni 11 . While the Gaukdh con- 
sists of almost vertical limestones, these small hills are made of 
gently dipping tuffs and lavas. They are dark purple in colour and 
belong to the fiysch period. On the hill called Kaftdni are the 
remains of terraces of pale-yellow silt similar to the material forming 
the bed of the Hamun ; they have been mentioned in a previous 
chapter (page 33). 

Between ChAgai to the east aqd Butak to the west is an im« 
HiUs between Chi- pprtant mass of mountains many summits of 
f.1 and Butak. « which exceed 7,000 feet in height, covering ao 
area one hundred mile* long from east to weat, and fifty mile, broad 
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from north to sooth. The rocks constituting these mountains are 
extremely interesting as there is reason to think that they form part 
of one of the great volcanic centres of the fiysch period. Unfor- 
tunately my observations of this interesting district are very scanty ; 
I was never encamped amongst the mountains, but did nothing more 
than touch them at a few points. The following notes contain an 
account of the facts observed. 


I followed the road that leads from Chigai to "Balanosh Zidrat,” 
Hib Berth ncit of a S P°* much resorted to by pilgrims. The rocks 
met with are enumerated on the section, figure i2. 
The limestone (i) and possibly the highly metamorphosed rock (a) 
and (3) are the only sedimentary rocks. In all the sections hitherto 
described the volcanic products of the flysch period were in the shape 
of strata, principally tuffs. But here we find a considerable develop- 
ment of massive igneous rocks of basic character, evidently intru- 
sive. There is great evidence of solfataric action which has given 
rise to secondary minerals in great profusion, such as in the rock 
Jfg so rich in epidote as to be practically an epidote-rock. These 
great intrusive masses consist of fine-grained rocks of volcanic 
appearance and they may represent the deep-seated portions of some 
of the great volcanic apparels of the flysch period. Most of the 
volcanic products are submarine, but in some cases the ejected 
materials must have accumulated to a sufficient height to form 
islands as is shown by the waterworn pebbles observed in some of 
the shallow-water deposits of the Ranikot age. The augite-beariog 
gabbrou and dolerites, in the present instance, are accompanied by 
intrusions of a more acid composition particularly rich in micro- 
graphic quartz. Their microscopic structure is porphyrific or fetsitic, 
but coarser grained rocks will be mentioned from other localities 
of the aame group of hills, always presenting the same exceptional 
composition of quartz and plagioclase felspar and’ with a typical 
tendency to a graphic or micropegmatitic structure. The age of 
these micropegmatitic quartz-diorites will be discussed further on 


(page 68). 
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From BaJanosh Zidrat westwards I did not examine the bills for 
and aootb- about fifty miles. Judging from fragments 

•Mtof PiuhtiwM. carried down by rivers, they seem to consist 
principally of basic and acid igneous rocks just as near Chigai. 
When encamped at Mirui I visited them in the neighbourhood of 
“ Pushtiwan.” They are separated from the Mirui hills by a pebble* 
strewn plain in the midst of which there rise some sedimentary 
strata with a southerly dip, south of Tahlab Well. Cast of Tahlab 
Well there outcrops some diorite, north of which we find great masses 
of basic rocks apparently intrusive, and again north of this a con* 
siderable outcrop of quartz-diorite. This rock which, in the field 
especially, has quite a granitic appearance is very rich in quart2 and 
does not seem to contain any orthoclase. The constituent minerals 
are plagioclase, quartz, horr.lu'end.-v/biotite and magnetite. The appear- 
ance of the rock varies greatly within short distances owing to the 
varying proportions of the above minerals. One variety which in the 
field has the appearance of an aplite consists of nothing but quartz 
and plagioclase felspar. When microscopic sections of the rock are 
examined it is found that the structure is seldom truly granitic, but 
has everywhere a most distinct tendency towards that of a grano- 
phyre. The coarseness of grain varies as much as the composition 
of the rock, and it is a fact worthy of notice that at its junction with 
the basic rocks, the diorite becomes a felaite consisting of porphyritic 
crystals of quartz and of felspar distributed through a minutely 
microcrystalline groundmass. In this special case therefore the acid 
rock seems newer than the basic one, for the basic one had already 
cooled down when the dioritic intrusion took place. Thus, judging 
from this one fact alone, the quartz-diorite may be regarded as one of 
those intrusions which are at the oldest of upper eocene age, as was 
pointe'd out in a previous,, chapter {page 23) just like the Eds KAh 
intrusion and others. Yet there are circumstances which make them 
appear much more directly connected with the volcanic products of 
the flyschperiod in this present instance. One of them is the presence 
of nricropegmatite not only in small masses with porphyritic structure 
F 2 ( «7 ) • 
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as at ChAgai, bat in much larger outcrops where the structure becomes 
granitic as in the present instance at Pushtiwan or in the still more 
granitic looking rocks of Malik Naro to be mentioned hereafter. It is 
true that large as they are these outcrops are small compared with the 
enormous mass of RAs K6h and that this might account for their less 
perfectly granitic structure. The RAs K6h rocks do not contain any 
quartz, therefore they cannot show any micropegmatite. But at Bibi 
Mah in Persia there is an intrusion comparable in size to the RAs KAh 
mass and similar to it in age and in its mode of occurrence, and differ' 
ing in composition, as it is like the rocks at present under considera- 
tion a quartz-diorite very rich in silica. The main mass of the intru* 
sion has a granitic structure; but near its junction with the tertiary 
sediments and in the narrow dykes that surround the main mass the 
structure becomes porphyritic, with however only a slight tendency 
to the formation of micropegmatite. At Bibi Mah as at RAs K6h 
the intrusive rocks are acid and intermediate. But in the case at 
present under consideration there are also large basic intrusions, and 
it has been noticed by several observers that some connection seems 
to exist between basic intrusions and micropegmatite. If, however, 
that connection does exist in the present case, the acid rocks must 
belong to the age of the flysch to which the basic intrusions most 
probably belong, and they must be older therefore than the igneous 
masses, upper eocene at the earliest, that form RAs KAh and Bibi 
Mah. 

The great basic intrusions of ChAgai, Pushtiwan, etc., I have thus 
regarded as the deep-seated portions of a volcanic centre of the flysch 
period. The products ejected from volcanoes of that system are 
often basic; but acid eruptions were also abundant. Thus the acid 
intrusions associated with the basic ones might themselves be con- 
nected with volcanic activity : the deep-seated portions of the acid 
eruptions must exist somewhere making it perfectly intelligible that 
-plutonic jacid rocks may exist both of the age of the flysch and also 
,of later tertiary age. But the survey of all this region has not 
advanced far enough as yet to solve these problems. 
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At Pushtiwan, as ia many other instances, the question is still 
further complicated by the presence of basaltic dykes that cut 
through both the acid and basic rock and are of later date than 
either. Their intrusion has been accompanied by solfataric action 
transforming their porphyritic felspars into a mass of finely granular 
calcite, and the same action has extended for a distance of several 
yards into the surrounding rocks ; this is especially well shown in 
the specimens from the Malik Naro, 

The peak called Malik Naro occurs near the western margin of 
... . . the hills at present under consideration. It 

rises to a height of 7,915 feet. The peak itself 
and many of the hills to the south consist of quartz-diorites quite simi- 
lar to those of Pushtiwan. The acid rock comes into contact with 


basic ones which are p:o 5 ably also intrusive: these basic rocks 
contain hornblende, but tbeir structure is that of an augite-bearing 
rock, the hornblende being of the nature of uralite. Later basic 
dykes traverse both kinds of rock just as at Pushtiwan. 

South of the granitic intrusion of Malik Naro, the flysch form- 


Butak and east of 
Butak. 


ation is again represented by bedded volcanic 
rocks whose considerable thickness indicates 


proximity to a volcanic centre* At Butak itself they are interbedded 
with limestones to which an admixture of volcanic ash frequently 
communicates brilliant hues and a porcellanic appearance. Some 
of these limestones contain fossils, apparently lower eocene or upper 
cretaceous, which are difficult to separate from the matrix "(spec. 
jtfg). Here again the proximity of the volcanic vents is indicated 
by the Trequent occurrence of volcanic “ lapilli ” side by side with 
the fossil shells. There are also a great many intrusive sills'of 
basalt and dolerite it is very difficult to decide whether these also 
belong to the same volcanic system, or whether they are related to 
the much newer set of basaltic intrusions which everywhere inject 
all the rocks with the exception of the Siwaliks. 

The dips * observed amongst these strata are very low, the 
structure being quite different from that of the highly folded ranges 
previously described. The structure of the hiHs shows nothing but 
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gwitle undulation* without any leading direction of strike. South 
of the Malik Naro intrusion, dips were observed 30° E. of S., at Butak 
itself 35° E. of N, and 40° E. of N. In the latter case the rocks are 
tilted at a high angle, but not otherwise crushed or disturbed. 

East of Butak and north of Jhuli, horizontal terraces of sub- recent 
travertine are spread over the slopes of the hills formed by the 
gently dipping flysch strata. They will be mentioned again in 
connection with the recent volcanoes. 

These calcareous terraces rest partly upon the flysch strata, and 
partly upon an intrusion of granophyre (spec, of similar 

composition to the coarser-grained micropegmatitic diorites of Malik 
Naro and Pushtiwan, but less perfectly crystalline, no doubt owing 
to the smaller size of the intrusion. At its junction with the strati- 
fied rock it assumes quite the appearance of an eurite. 

West of the Malik Naro and of Butak there is a sudden drop in 
M n the altitude of the mountains. From there up to 

the great mass of K6h-i-Sultdn, the hills are low 
and scattered at intervals, leaving a broad gap through which the 
north wind sweeps with furious violence during the greatest part of 
the year, burying everything beneath an ocean of sand dunes. At 
Butak itself the wind is so violent that the surface of the rocks is 
Everywhere sculptured in the most curious manner by the sand grains 
borne by the hurricane, while further west, all about Manzil, the 
small rocky hills are half buried beneath the accumulated sand. 
These hills cause the wind to form eddies and all the valleys, what- 
ever their shape and orientation, are gradually becoming choked 
with sand. 

The rock, wherever it appears, consists of the same volcanic 
rocks of the flysch period. There is a good exposure at Manzil 
where the irregularity of structure is again Exemplified by the, diTec* 
tion of dip 30° W. of N., quite different from the orientation at 
Butak. 

East of Manzil is a large igneous intrusion forming the hill called 
' Manzilgarh ; it consists of fine-grained blotite-gfanite (spec, 

4 ft). It is traversed by narrow dykes of basalt (spec. ^j). 
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Amir-Chdk. 

Between Manzil and the K 6 h-i-Sultin almost everything is hidden 
under recent alluvium and sand dunes. The small hills called 
“ Dholi,” south of Manzil, and some hills beyond the eastern ex> 
tremity of the K 6 h-i-Sultin, seem to consist of flysch volcanic rocks, 
but I have seen them only from a distance. Recent alluvium mostly 
derived from the K6h-i-Sult4n itself and sand dunes conceal also all 
the rocks north of that mountain. West of the K 6 h-i-Sult£n, however, 
and in the neighbourhood of Amir-Chdh, the older rocks once more 
reappear from beneath the covering of modern volcanic accumula- 
tions. 

Here again they consist almost entirely of volcanic strata, tuffs 
and ash-beds of the flysch period. The strike is generally east-west. 
Intrusions of quartz-dioritc ind quartz-porphyry are frequent ; there 
is even an inlier of these rock? amidst the recent deposits of the 
K6h-i-Sult4n to the south of Gam-i-Chih. Similar formations 
evidently underlie the cones of the modern volcano, for the ex- 
plosions have forced their way through granitic masses as is shown 
by the nature of the boulders contained in some of the agglomerates. 
While at Shekh Hose in (page 48 ) and elsewhere we found volcanic 
products of the flysch period distinctly interbedded with tertiary 
strata, in the present instance their cretaceous age is no less clear, 
showing that the period of volcanic activity overlaps the end of the 
secondary and beginning of the tertiary. At Amfr-Ch&h itself there 
is a ridge of h|ppuritic limestone cut through by a gorge which has 
beqn mentioned already with reference to physical geography (page 
38 ). The hippuritic limestone is both overlaid and underlaid by 
flysch strata. A fragment of hippnyitic limestone also forms tl)e con- 
spicuous peak called “Sor K 6 h,” wept of the recent volcano 
Patpodim. The Sor K$h limestone rests conformably upon a great 
accumulation of volcanic strata. It is much thicker than the Amfr- 
Chdh limestone which it, however, greatly resembles ; perhaps It is 
the same rick, the difference of thickness being die to local sana- 
tions; the structure would then be as represented on section, Fig 
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to. AH these rocks are profusely injected with basaltic dykes and 
sills, it being often difficult to decide whether the latter are intrusive 
or truly interbedded, and to what period they belong. Quite close 

Smb K6h to ^ boundary, to the N. W. of Amfr- 

Chih, the low flat-topped hill called Sam K6h 
also consists of black tuffs, here quite horizontal. 1 

Toagi and neighbourhood of Toagi. 

At Tozgi, south-west of Amfr-Chdh, the orientation of the 
structural features has again changed. The dip is 35° to 30° W. of 
N. at angles varying from 25° to 30°. The strata form a succession of 
monoclinal ranges, consisting principally of bedded tuffs and breccias 
together with intrusive sills ( 1 'ig. 1). The breccias contain large 
boulders of hippuritic limestone. In a south-west direction, the 
ranges sink rapidly beneath recent deposits ; the last hillocks visible 
at the edge of the alluvial plain dip in quite a different direction, 40° 
W. of S. They probably belong already to the region of regular 
folds further south, for their strike is the same. 

At Tozgi the strata are particularly free from any violent disturb- 
ance ; not only is there no cleavage, but the rocks are remarkably 
free from jointing, which permits the collecting of exceptionally 
fine specimens. At the same time they exhibit an instance of the 
difficulty experienced in interpreting the relative ages of some of 
the igneous rocks. In the field all the rocks have at first sight the 
appearance of a conformable series of strata ; but while on the one 
hand c is an andesitic lava, and g a quartz-trachytic breccia, 
on the other hand the rock a appears under the microscope as a 
finely crystalline porphyritic eurite, d is a granophyric diorite- 
porphyry or dolerite, and A an augite-diorite .porphyry. The latter 
rock exhibits a basaltiform jointing ; the field evidence as to its 
intrusive nature is not quite oonclusive : it does seem that it is not 
quite parallel to the stratification, but as the strata are slightly affected 

1 Judging from photograph* taken by Mr. Tate, the historical K6b4-Khwtja iaSeistdn 
. ha* a very similar appearance. 1 1 » also flat-topped, and con nits no doubt of horisontal 
strata, like the Sam Kdh, it illustrates the absence of folding which has been ment i oned 
iabovs (pngs 7 ) at characteristic of the low-lying areas. I 
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by faulting, the exact relations of the rocks are somewhat obscured. 
It is, however, very similar in all respects to other columnar rocks 
which will be mentioned hereafter (pages 76, 77), and whose intrusive 
character is well established, but whose exact age is doubtful, as there 
exists some uncertainty as to whether they are intrusive sills 
contemporaneous with the flysch eruptions, or whether they are 
related to the much later granitic and dioritic intrusions which are 
probably of upper eocene age. The granophyric micro-diorite i 
is petrologically very similar to one of the most typical of these 
columnar rocks. The eurite a on the other hand resembles the 
narrower dykes and the edges of many of the large intrusions of 
the later period. It would seem, therefore, logical to look upon all 
the intrusive sills of the Tozgi section as belonging to the same 
later system. At the same time, the presence of a great mass of 
bedded volcanic products makes it necessary to consider whether the 
intrusions might belong to the same igneous series. The breccia 
has characters relating it to a quartz-trachyte ; the lava c is a more 
basic andesite, while the tuffs consist of fragments of many varieties 
of acid and basic rocks. Thus the petrological characters of the erup- 
tive products are not sufficiently uniform to be taken as an argument 
In favour of any relation between the intrusive and the eruptive 
rocks. The question is far too complicated to be unravelled by means 
of the observations made during the short time that I was able to 
devote to a study of the field relations of the rocks. 

Travertine terrace.. At T <**' th « e are terraCe# ° f travertine of 

the same nature as south of Jhuli (page 70). 

„ „ K6h-i-Huraai (called K6h-i-Re*ai on the map) 

to the north of Tozgi consists of great masses 
of hippuritic limestone. Here the strike is almost due north. The 
missive limestone, not less than 300 feet thick, rests upon shales, 
flaggy limestones, calcareous shales, arenaceous shales, arenaceous 
limestones, all these strata frequently containing volcanic material 
(spec. (see section, Fig. 9). At *d % is another of the columnar 

rocks of doubtful nature similar to the rock k at Tozgi. The 
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mack later basaltic dykes mentioned in so many localities are here 
very conspicnous. 

West of Kdh-i-Humai, all round the modern volcano K6h-i-Dalil, 
the older rocks consist of flysch and limestones probably cretaceous. 
The strata are nearly or quite horizontal giving rise to flat-topped 
hills. 

Road from Amir-Ch&h to Saindak . 

From Amlr-Chlh to Saindak there extends a distance of fifty-five 
miles without any drinkable water. Owing to this circumstance 
the road was marched across rapidly and observations are scanty. 
The difficulties of the march are further increased by the enormous 
accumulations of sand. Some of the sand hills are of stupendous 
magnitude exhibiting great unbroken slopes 200 or 300 feet high. In 
such extreme cases it is probable that ranges of hills are buried 
beneath. 

Wherever the rock is visible it consists of flysch strata with their 
associated limestones. The dips are moderate; sometimes the 
strata are horizontal as in the flat-topped hills north of K6h-i-Dalil. 
These hills are surrounded by large recent deposits of travertine. 

East of the locality called “ Ze h," acid igneous intrusions become 
very numerous, varying in size from small dykes to considerable hill 
_ masses like the Drana K6h. The latter 

intrusion consists of quartz-diorite through 
which there run hasaltic dykes which have given rise to some 
solfataric alteration. Parallel with the basalt dykes are small veins 
containing cbrysocolla. 

Garuk-i-Gori, in the desert north-east of Saindak, is a ridge of high 
dipping limestones. I have not visited it, but judging from Mr. Tate's 
description it is probably hippuritic limestone. 

Folded ranges south-west of the Kdh-i-Sultin. 

, We will now return once more to the region of regular parallel 
ridge* which we left since ChAh-i-Sundan (page 64). It was 
mentioned there that west of (hat point the ridges of that structure, 
i 14 ) r 
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if they exist, are hidden under recent deposits for a distance of sixty 
miles, when ridges of similar nature arc again met with in the country 
south-west of the K6h-i-Sultdn. Some of the rocks at Tozgi, 
mentioned on page 72, probably belong to the northern margin of this 
folded region. Regular high dips are very clearly visible even from a 
distance in ranges that rise some fifteen miles south of Tozgi. They 
seem to consist of flysch strata, but 1 did not visit them. 

I visited the ranges further west when marching from Mirjawa 
to Tozgi. The path follows a waterless and rainless tract. Most of 
the distance had to be travelled through in two days, which left little 
opportunity for geological observation. The whole region is occupied 
by low undulating ranges absolutely destitute of any covering of soil 
or sand, or alluvium, or boulders, or of any' vegetation whatsoever* 
It is impossible to describe the dreary desolation of such a scene. 
The dips are generally low, northerly dips somewhat more frequent 
than southerly ones. The usual strike is 6o° to 45° W. of N., though 
occasionally there are portions met with where the strike is east- 
west. Almost all the rocks are lavas or tuffs (spec, -fa), often very 
coarse-grained. At one place there is a most extraordinary isolated 
peak of thick-bedded limestone whose relation to the associated tuffs 
is not clear (spec. - fa). At a certain distance to the west-south- 
west of the K6h-i-Dalil, there are coarse conglomerates, loose 
sandstones with bands and veins of gypsum associated with coloured 
clays, no doubt Siwalik strata. 

About seven miles from K6h»i-Dalil, in a west-south-west 
direction, there rises a very curious intrusive boss of diorite-porphyry, 
consisting of felspar, augite, hornblende, and magnetite, and an 
isotropic mineral curiously intergrown with the felspar, probably 
sodalite. la the same neighbourhood there occur some augite- 
aqdesites and olivine-basalts whose field relations I had not tine 
to decipher. They appear to exhibit a certain amount of disturbance, 
but an their .minerals, even the olivines, are remarkably fresh. 
Perhaps, dike the peculiar rocks alluded to on page 30, these fatvao as 
well as the ^orphyritic intrusion, may belong to a volcanic sprits of 
SlwaKk age. 
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Neighbourhood of Afukuk . 

Mukak, a spring to the east-north-east of Mirjawa, lies amongst 
the continuation of the above described ranges. The ranges have 
now gained considerably in altitude, and the degree of disturbance has 
also greatly increased. Cleavage has distinctly set in. The greater 
height of the ranges favours the production of rain ; hence the rocks 
in the longitudinal valleys between the principal ridges are once 
more concealed by accumulations of coarse alluvium. 

The section (Fig. 14) shows the principal points to be noticed 
in the neighbourhood of Mukak. South-west of the point (a) there 
are a few hillocks forming parallel ranges, all of them consisting 
of the ash-beds, shales, etc., of the flysch series. Mukak kirlz is 
in a shallow syncline ; then we find next an anticline. At ( 3 ) the 
amount of dip is about io° ; cleavage is distinctly seen. Further 
on comes a “dasht” plain with low ranges; at the point (r) the 
dip is about 40° E. of N. at 40°, the rocks still belonging to the same 
varieties. The cleavage is still well pronounced, the cleavage planes 
nearly vertical. The tall range at {d) consists of the same columnar 
basic rocks already mentioned at Tozgi and elsewhere (page 73). 
Here the junction of the columnar rock with the underlying sedi- 
ments is exposed uninterruptedly for considerable distances. The 
igneous rock rests upon flaggy limestones and shales of a kind 
very common amongst the flysch series. In immediate contact 
with the igneous rock there is a band of a greenish colour and of a 
texture resembling that of porcellanite, probably the effect of 
contact metamorphism ; it is not, however, more than one inch in 
thickness, showing that whether the igneous rock be intrusive or 
truly interbedded, its metamorphic action has been very slight 
Nowhere could the igneous rock be seen cutting across the bedding ; 
the junction is absolutely sharp, the igneous rock remaining very 
coarse-grained up to the actual junction. 

Beyond the point (d) comes another plain of 14 dasht 99 ; then m0re 
ranges appear; at (e) there is a cliff formed by a thick band of 
} 76 ) 
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volcanic breccia, similar in nature to those of Saindak and Still K6h 
(see pages 79, 80). 

At the point (?) and beyond it, the cleavage is much leas marked 
than in the more south-western portion of the section. At (/) there 
are some contortions, and at (g) there is again a very tall range 
formed of the same columnar igneous rock as at (d). Its enormous 
thickness quite dispels any doubt as to the possibility of its being a 
lava-flow. It is clearly an intrusion and from this it appears very 
probable that the other columnar rocks of similar appearance are all 
intrusive. In the present instance the rock is remarkable for the 
large amount of micropegmatite which it contains, but it is more 
basic than the granophyres of the Afghan boundary mentioned above 
(page 66). 

Beyond the rang* [g} is a plain entirely covered with ** dasht ", 
with the exception of some rery small ranges only the crests of 
which show above the superficial formation ; they are perhaps the 
continuation of some of the tertiary ranges of Saindak. Beyond 
them rises the Amalaf range which is the continuation of the north- 
eastern range of Saindak. 

Mir jaw a. 

South-west of the ranges just described there is a great plain 
covered with recent deposits called the “ Dasht-i-Tahlab It sepa- 
rates the ranges hitherto described from other ridges running with 
a parallel strike and bearing successively from south-east to north- 
west the names of K6h-i-Tahlab and K6h-i-Ribi. Another longitudi- 
nal plain occupied by a somewhat important river which bears the 
name of Tahlab river in its lower course and Mirjawa river in its 
upper portion further separates the K6h-i-Rihi and K6h.i-Tahlab from 
other ranges to the south-west. The width of the Dasht-i-Tahlab 
gradually decreases in a north-western direction, so that the 
ranges that border it coalesce into a belt of parallel ridges which 
occupy a tract as much as twenty miles wide between Mirjawa and 
Amalaf. Thd alluvial plain of the Tahlab or Mirjawa river still 
continues in a north-west direction up to a certain distance 

c wl 



9$5 VRGDENBURG: SKETCH OP BALOCHISTAN DESERT* 

beyond Mirjawa, so that the belt of parallel rangeastill lies between 
two depressions! that of the Mirjawa plain to the south-west and 
of the great desert to the north-east In its structure this 
compound range affords a good instance of the manner in which 

Symmetrical gbnctnre folded strata constituting the hilly region 
of rage*. have been forced over the low-lying plain 

on either side : along either margin of the range the dip is inwards, 
away from the plain, being north-east along the south-west 
ma rgin! south-west along the north-east margin. I have not travelled 
right across the folded region at any point, but observations 
made near Mirjawa and those made all around Saindak are 
sufficient to give an idea of the main structural peculiarities. 

When describing the neighbourhood of Mukak (see ante , page 
7 6), it was noticed that as the ranges gain in height 9 the amount 
of disturbance also increases. North of Mirjawa the degree of dis- 
turbance becomes still further marked, slaty cleavage is everywhere 
present. The strata are extremely disturbed ; there are many local 
variations both of strike and of dip ; the direction of dip varies from 
north to north-west at angles of 55 0 to 70°. But there are many 
minor disturbances, sharp folds and overfolds and small thrust-planes, 
all Indicating a movement of the rock masses in a south-westerly 
direction towards the Mirjawa plain. The strike of the cleavage planes 
is far more regular, about 35 0 N. of W. ; the dip of the cleavage planes 
is inwards, away from the plain at very high angles of 65° and more, 
sometimes quite vertical. The cleavage runs quite independently 
of the bedding. 

Owing to such a degree of disturbance it is difficult to make 
sure of the order of succession in the rocks : they include many of 
the varieties usually found in the flyscli series, limestone and calca- 
reous sandstones full of volcanic material, shales and an extraordi- 
nary abundance of very flaggy (and in the present instance slaty) 
Umestoues and calcareous shales of the brightest hues, such as red, 
ypUow, mauve, white, pink, purple, green. There are several con- 
ntemwi outcrops of the columnar rock (PI. XI) which it was difficult 
l 7* ) 
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is the field to decide whether it is a lava or an intrusive sill fcages 
y6» 77). Microscopic examination reveals a structure which is not 
consistent with that of a lava-flow. But the age of these sills remains 
doubtful, and the extreme disturbance which prevails in the present 
instance does not help towards a solution of the problem. 

Saindak. 

If now we proceed to the north-eastern margin of the range 
bordering on the desert that surrounds the Gaud-i-Zirreh depres- 
sion, we find that the rocks again dip inwards, therefore in this case 
south-west. The section (Fig. 17) runs a short distance north- 
west of the mountain called Saindak K6h. At the extreme margin 
of the mountainous district are some Siwalik strata (a) much con- 
cealed by the talus derived from the tall ranges of oljjer rocks. 
These tall ranges consist of tuffs and ash-beds (i); as in many* other 
localities they are cut through by basaltic dykes of a much later 
date, while there occur also fissures which have afforded a passage 
to mineral vapours that have decomposed the rock into brilliantly 
coloured ochres. These tuffs and ash-beds belong to the flysch 
system, they have a south-west underlie and are overlaid by volcanic 
conglomerates containing boulders of such a large size that they must 
indicate the proximity of an ancient volcanic centre. 

The uppermost beds of this conglomerate are overlaid by some 
strata of coarse calcareous volcanic breccias of a bright red colour. 
Then after a few feet of green shales, the next overlying rock is 
nummulitic limestone (d) in which we find nummulites side by side 
with volcanic pebbles. This point occurs a short distance north 
of the Saindak spring which is situated in the middle of a syncline 
of tertiary rock. These tertiary rocks consist of shales, sandstones 
and limestones and all the fossils, even those from the strata resting 
immediately upon the volcanic agglomerates are typical Khirthar 
forms. As the contact appears , perfectly conformable, this is an 
indication that in some localities the volcanic eruptions of the flysch 
system casthfbed up to a late horizon of the eocene. 

South of the Saindak spring, the tertiary strata dip north-east, 
forming the south-western branch'ef the syncline. A thick-bfe’ddhd 
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limestone forming a conspicuous ridge underlies a richly fossili- 
ferous nummulitic limestone and immediately overlies the volcanic 
conglomerates (g), which present generally the same characters as 
in the north-eastern branch of the syncline. Continuing the section 
in a south-west direction, We find that beneath a considerable 
thickness of these agglomerates is a thick series of tuffs and ash-beds 
(A), associated with shales, sandstones and limestones that often 
contain a large proportion of volcanic material. All these rocks 
assume brilliant tints on the weathered surface. A great thickness 
of these rocks is travelled through in a south-west direction up to 
the axis of an anticline. South-west of the anticline the section 
ascends again and the same series of rocks are met with until the 
agglomerates re-appear again in the Siih K6h ; they do not seem 
to be so extremely coarse as further north, being probably further 
distant from the original volcanic centre. The structure of the 
Silh K6I1 is that of a syncline which appears to widen out in a south- 
east direction where there appears to be, so far as can be judged 
from a distance, another outcrop of eocene strata similar to those 
of Saindak. 

South-west of the SiAh K6h is again another anticline.’ After 
crossing the axis of the anticline, the rocks begin to show signs of 
great compression ; jointing sets in, which soon amounts to distinct 
cleavage, the planes of the slaty-cleavagc dipping south-west at a high 
angle (f). These features become more and more pronounced up to 
a point where a very clearly exposed overthrust (see Fig. 19) 1 brings 
a series of rocks of quite a different aspect (A). They are once more 
the same green shales and calcareous sandstones which were met with 
in the great ranges east of Nushki (page 41) as well as at Mirui 
(page 6i), and elsewhere, and IHiose exact stratigraphic position 
remains doubtful on account of the l^sence of fossils. They are not 
similar to the Khirthar strata of Saindak, and it seems that the 
Ranikot horizon is here entirely occupied by volcanic strata. Per* 
' haps they do represent the horizon occupied by the coarse agglotycr- 

1 The thrust-planes in the Saindak ranges ere very similar in appearance to those 
* repressnted by Mr. OU||iani in Rec. Ged. Surv. Vol. XXV, p. 38 . 
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ates of Saindak as such a coarse rock could only be of local develop* 
ment. Or else the conformity of the Khirthar strata of Saindak with 
respect to the underlying volcanic rocks may be apparent more than 
real. Although there is no apparent uncomformity, yet it is just pos- 
sible that a break does exist. I have mentioned the occurrence, at 
various horizons, of conglomerates consisting of waterworn volcanic 
pebbles which show that the products of eruptions had been piled up 
to a sufficient height to form volcanic islands rising out of the sea in 
which all these strata were being deposited. The volcanic conglomer- 
ates of Saindak might represent such a local accumulation, and this 
would account for the absence of some of the Ranikot strata. The 
strata ( k ) might represent then the portion of the Ranikot missing at 
Saindak. At Robit (page 85) the Ranikot strata do present a gnat 
resemblance to these cocks. A careful search for fossils in the strata 
underlying the volcanic conglomerates of Saindak would probably 
settle the question. 

If 1 had seen the junction of these rocks with the flysch strata 
that border the Mirjawa plain (/), some definite indication might have 
been found to discover their age ; but I did not reach that point when 
examining the hills round the camp at Saindak, while the outcrop 
could not be traced either from Mirjawa. The south-western extrem- 
ity of the section (Fig. 17) shows the features observed in the 
neighbourhood of Mirjawa. As the nature of the rocks and their 
structure do not vary much in the direction of the strike, it probably 
gives a fair idea of what would appear if the section had been com- 
pleted along one line. With reference to the remarkable circum- 
stance of the rocks dipping inwards along either margin of the range, 
it will be noticed that the south-west dipping features extend much 
further from the north-east margin than the north-east dipping struc- 
tures do from the south-west margin. The structure is not absolutely 
symmetrical : the movement in a north-east direction towards the 
greater and deeper depression of the Gaud-i-Zirreh lake has been 
greater than * the south-westward movement towards the smaller and 
less pronounced depression of the Mirjawa plain. 

G 
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The very distinct instance of a thrust-plane just mentioned will 


Saindak K6h. 


help to understand a very curious feature which 
I have omitted to mention so far ; this is the 


Saindak Koh, a mountain that rises to the east of Saindak spring. 
The lower portion of the hill consists of the -tertiary rocks that were 
mentioned as forming a syncline ; owing to this structure the strata 
(mostly shales) of the Saindak K6h belong to the highest eocene 
horizon since they lie in the axis of the syncline over beds whose 
fossils present affinities with the Nari fauna. The tertiary shales 
are capped by a great mass of volcanic agglomerates and tuffs 
similar to those that underlie the nummulitic strata. The junction 
of this cap of agglomerates and of the tertiary shales is very sharply 
defined and abrupt ; it is not parallel with the planes of stratification 
of the shales w r hich are very greatly crushed at the junction. These 
agglomerates are so similar to those normally underlying the tertiary 
sediments that they must be regarded in all probability as the same 
rock, and, considering Ihe very distinct evidence of a thrust-plane in 
the section above described, the same explanation must be resorted 
to in order to account for their abnormal situation in the present 
case. (See Fig. 15.) 

Here again we find as in so many other instances narrow dykes 
of basalt. They run uninterrupted across the great thrust-plane, 
indicating that they are much later in date than the earth-move- 
ments which gave the rocks their present structure and situation. 

There are also veins of carbonate and sulphate of lime which 
become metalliferous when they enter the abnormally situated 
agglomerate. The ores which they contain are galena together with 
small quantities of azurite and malachite. These minerals occur 
very scantily although the lead is occasionally extracted. 

This locality is further interesting as the one where the highest 
KMr&ar rock, at horizon w»lt recognised amongst the marine 
Saindak - tertiary. Strata of Khirthar age Were met 
with at Tafui (page 47), but in the present case the series appears to 
ascend up to the base of the Nari or uppermost eocene. 
i 8a ) 
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The section (Fig. 11 ) shows the succession of 9trata from which 
the fossils were obtained. The thick-bedded limestone that rests 
immediately upon the agglomerates is unfossiliferous, but in the 
more .thinly bedded rock that rests upon it a number of Khirthar 
forms were met with, the commonest amongst those that could be 
identified being Nummulites granulosa , d'A. and H. f Micropsis 
venustula , D. and S, Velates schmideliana ) Chemn. Above this 
limestone the section is hidden by talus up to a higher horizon from 
which the fossils obtained are nevertheless very similar, including 
Nummulites granulosa, d'A. and H., and spira , d'A. and H , After apsis 
venustula t D. and S., Ve/ut’S schmidel tana, Chemn. At a slightly 
higher horizon some European forms were met with, Cerithium 
van-den* Heckei , Bell., and Ovula bellardti } Desh„ of the upper eocene 
of Nice, The highest fossiliferotis beds contain several species ci 
Cardita } Corbula , Ntiltca, Turntella. Dr. Noetling «who kitidly 
examined them assigned them to the base of the Nari. Above these 
beds there is still a considerable thickness of unfossiliferous red 
shales containing a great deal of gypsum. 


From Saindak to Robdt . 

From Saindak to Robit the strike of the ridges is generally con- 
stant being north-west. The syncline of eocene strata extends about 
eight miles north-west of Saindak. From there up to Kacha K6h or 
even beyond, all the ranges consist entirely of strata of the volcanic 
flysch series. North-west of Kacha K6h, at Piran ZicLrat, there 
appear again green shales and calcareous sandstones probably of 
Ranikot age. 1 he flysch strata consist of agglomerates and tuffs 
interbedded with greenish shales and sandstones that weather into 
brilliant coloursj greatly resembling the rocks of the same age 
described in the Saindak section. Limestones also are frequent. 

Indications of the great lateral pressure to which all these rocks 
have been subjected are present everywhere ; they are nearly all 
more or less sla4y often to a considerable degree. It is only in some 
c 2 ( #3 ) 
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of the most massive and therefore unyielding rocks, such as some of 
the agglomerates or some of the more massive limestones, that this 
cleavage is less distinctly marked. In the region of Bogor, near the 
Kacba K6h, the strike of the cleavage planes presents this particu- 
larity that it is more northerly than the strike of the bedding. 

The mountain called Kacha K6h is an anticline of dark coloured 
tuffs. 

Along the north-eastern margin of the ranges where they overlook 
the Gaud-i-Zirreh depression there are several exposures of Siwaliks 
dipping inwards towards the ranges. In one place, north-west 
of Kirtaka, their junction with the older tuffs is exposed. It is a 
thrust-plane marked by a very much broken up limestone, the 
adjoining Siwalik clays being also very much crushed and broken. 
It is probable that the Siwaliks are continuous all along the north- 
east margin of the ranges, but that they are only occasionally exposed 
on account of their being concealed beneath the great talus that 
skirts the ranges. The great talus is furrowed by innumerable 
parallel ravines very much after the manner of the one described 
north of Nushki (page 9). They constitute such a serious obstacle 
to travelling that from Kirtaka the caravans cross the Persian boun- 
dary and proceed through Persian territory from Said Langar to 
Piran Zidrat along valleys in which the wild pistacio-tree grows 
somewhat abundantly. 

At Piran Zidrat we find again an outcrop of those puzzling shales 
and calcareous sandstones already so often met with in the continua- 
tion of the K6jak range east of Nushki (page 40), at Mirui (page 61) 
and again in the Saindak section (page 80). But here their evi- 
dent connection with the Ranikot strata of the Lar K6h makes it 
quite clear that they too belong to that same age. 

All along the north-east margin of the ranges from the Piran 
river up to K6h-i-Malik-Sidh, the Siwalik strata are well exposed. 

At Kirtaka, along the foot of the hills that overlook the Gaud-i- 

Temcet of the SaUtta Zirreh depression, there are some terraces of 
lake - fine silt which were probably formed at the time 
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when the water of the Seist£n lake rose up to the level at which 
these deposits occur. 

The locality called Robit K6h-i-Malik-Si£h is situated on the 
banks of a river-plain overlooked, on the north 
Robifc, by ^e mountains called Robit K6h and Malik- 

i-Siih K6h, while to the south rise the two masses of the Lar K6h» 
the eastern one being usually called the Miri. All these mountains 
consist to a large extent of tertiary strata, mostly shales interbedded 
with calcareous sandstones and occasional limestone bands, and over- 
laid by a considerable thickness of nummulitic limestone. Instead of 
forming numerous parallel synclinal and anticlinal folds such as occur 
in the portions of the range so far described, these rocks show much 
less disturbance, the dips being low and uniform. The manner in 
which these regularly dipping masses are joined to the more closelj 
folded ones is not seen clearly, much of the geology being concealed 
by the coarse alluvium of boulders that occupies the broad river 
valleys. It is probable that the great limestone, on account of its 
unyielding nature, has moved bodily, the structure being again some- 
what that of a thrust-plane, as in the instances mentioned near 
Saindak. The shales immediately underlying the limestones have 
moved along with them and shared in the same uniformity of struc- 
ture. Where they lack the. covering of limestone as in the broad 
valley that separates the Robat K6h mass from that of the Lar K6h, 
they once more assume their more closely folded character. 

The succession of strata is best seen on the north-eastern slopes 
of Rob£t K6h (section Fig. 13 and PI. VI)# The lowermost strata 
are very badly exposed tuffs, overlaid by a considerable thickness 
3,000 ft. or more of green shales and calcareous sandstones, with 
occasionally a more important limestone band. These shales are in 
turn overlaid by a considerable mass of thick-bedded limestone. 
Some of the lowermost shales contain Orbitolites and are probably 
upper cretaceous. Fossils were found both in the limestone e and in 
the lower beds gf the upper limestone g } belonging in either case 
to the same species. The jiraminifera are especially numerous 
and varied being represented by several species, s6me of which 
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are undeacribed, of Aheolina, Operculina. There are 

some very large echinoids belonging to the genua Conotlypeus and 
numerous specimens of Arachntopleurus semiretieulatus, D. & S., 
a characteristic form of the Ranikot of Sind. 

The mountains of the Lar Koh consist principally of a still greater 
thickness of the same limestone. It has sometimes a pseudo-conglom- 
eratic appearance probably not unlike that described by several 
observers in the limestone of the Bolin pass 1 and of other parts of 
Baluchistin. Its apparent thickness is further increased by numerous 
intrusive sills which follow the stratification so regularly that they 
might be taken for interbedded lava-flows. Occasionally, however, 
they are seen to cut obliquely across the strata and in many cases 
their connection with vertical dykes is very clearly exhibited. 
Moreover their petrological characters are entirely different from 


those of a lava. 

These intrusions which form such a conspicuous feature in the 
neighbourhood of RobAt consist of hornblende- 
Utranve toek *’ syenites and augite-diorites. They occur either 
as bosses of a more or less elliptical shape, or else as dykes and 
intrusive sills. The coarseness or otherwise of texture does not seem 
to depend always upon the shape and size of the intrusions : the 
diorites of Malik-i-SiAh K6h and RobAt K6h are generally fine- 
grained notwithstanding the large dimensions of the bosses (Fig. 
24), while in the Lar K6h sills of moderate dimension are much 
coarser in texture. Some of the latter consist of an augite-diorite 
which is remarkable for also containing olivine. In some places, the 

large crystals of oligoclase exhibit a beautiful 
OK(ocUm in 00 niton e. ^lue iridescence similar to that of some varie- 

ties of moonstone. Like the RAs K6h syenite which it greatly 
resembles, this rock also contains silicate of copper or cb*ysocoHa. 
The ore does not occur in distinct veins as at Drana K6h (page 74), 
but like at the RAs K6h it is irregularly scattered through the rock as 
one of Its constituent minerals. In former times this ore seems to 


* Mom, Gtot. Surv. lad., Vol. XVHI, p. 30 j XX, p. 11*. 
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have been smelted : there are large heaps of copper slag at Pain 
Robit in Afghan territory ; but the ore may have been gathered 
from various other localities in the north-western continuation of 
the range in Persia. (See the chapter dealing with economic 
products.) 

At Robit K6h, in addition to the large bosses, there are also 
small dykes forming sometimes a perfect network of branching and 
anastomosing veins. When examined under the microscope, they 
are found to consist of the same minerals as the large bosses, but 
the texture is finer and the structure more porphyritic, as is also the 
case towards the edge c L Vie greater intrusions and at their narrower 
extremities. At the ed^es of the great intrusions and in the smaller 
dykes, the igneous rock and the limestone with which it comes in 
contact have reacted upon one another, causing much alteration, es- 
pecially amongst the ferromaghesian silicates. The adjoining ^lime- 
stone shows small veins and cracks full of epidote 

Contact effect. 

and the internal cavities of nummulites are filled 
with that mineral (spec. £f). The occurrence of epidote as a pro- 
duct of contact metamorphism in limestones is uncommon, although 
instances have been recorded from other regions. 1 

In addition to these dykes, the limestone at Robit K6h is trav- 
ersed by others, usually of very small dimensions, whose mineralogical 
constitution is quite different : these are highly basic or even ultra- 
basic basalts. One dyke only 18 inches wide contains small crystals of 
labradorite and augite in an almost perfectly isotropic groundmass. 
Another specimen from a larger dyke is a limburgite consisting 
of a very imperfectly crystalline base, with large 
Limburgite. porphyritic crystals of augite, and perfectly 

clear oKvines, sometimes curiously intergrown. The remarkable fresh- 
ness of the latter rock makes it appear as if it were newer than . the 
dioritic intrusions ; but 1 have not observed any instance of the one 

1 J. Roth, Chemische Geologie, Vol. 1 (1879)* P* 43o; J* W. Judd, Proftylites of the 
Waiter n Ufa | 6 f Scotland. Quart. Jouru, Gaol. Sbt., Vol. LRI (1890) j A. Lacroli, M total* 

dfe U France 4pp. 139, 15s. 
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took penetrated by the other. In this connection, reference may be 
made again to the very fresh lava, possibly of Siwalik age, that was 
mentioned in a previous chapter (page 30). It occurs at a short dis- 
tance from these very recent looking dykes. The question is an inter- 
esting one and deserves further study : it is quite possible that they 
represent a period of volcanic activity older than that of the most 
recent volcanic outbursts, though quite distinct from the flysch erup- 
tions of cretaceous and lower eocene times. To the same com- 
paratively recent age might belong the deposits of ochres formed by 
solfataric action along fissures such as were mentioned at Saindak 
(page 79). These bright coloured ochres are again conspicuously 
developed in some parts of Rob&t K4h f where they are impregnated 
with sulphate of copper, sulphate of alumina and sulphate of mag- 
nesia. Furthermore, some recent deposits of travertine occur upon 
the eastern slopes of Koh-i-Malik-Siah and west of Lar K6h, indicat- 
ing the former presence of thermal springs, though their situation in 
the neighbourhood of the formations just described might be a mere 
coincidence. 


Great masses of sub-recent gravels occur at various heights above 


Recant gravel terraces. 


the present bed of the broad valleys occupied by 
the Lar river and the Shamidar or Robit river. 


Like the terraces of silt at Kirtaka, they bear witness to the high 
level which the water formerly reached in the lake that occupied the 
Seistln depression. Plate XII shows these gravels in the Lar 
river capping highly tilted Siwalik strata. A similar feature may be 
observed in Plate VII. 


From Roh&t to Ladis. 

Tlie return journey from Rob2t to Mirjawa was accomplished 
through the Persian province of Sarhad. The alluvial plain of Mirjawa 

V 

(see ante, page 77), north*west of that locality, shares the fate of 
the “ Dashf-i-Tahlab it becomes gradually narrower until the moun- 
tain ranges which it separates unite into one folded region. Thus the 
region visited exhibits nothing but numerous parallel ridges without 
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any broad depressions to separate them into distinct groups* Some 
plains do exist, for instance the dreary plain of Duzdap, but they 
are situated at a high level and do not mark off any differences of 
structure. 

The sedimentary rocks met with are nearly all tertiary with the 
exception of some outcrops west and south of the Lar K6h which 
may belong to the upper cretaceous part of the flysch. Everywhere 
the degree ot disturbance is very great, the tertiary rocks being 
affected by slaty cleavage to a greater extent than in any of the 
regious hitherto described. 

Immediately west and south of the Lar K6h the strata are not 
only affected by cleavage, but are further altered to a considerable 
extent by igneous intrusions accompanied by solfataric action which 
has coloured them : H an extraordinary manner. Owing to' these 
circumstances the rocks are so much altered that it is difficult to 
identify them. They consist principally of limestones, shales and 
calcareous shales, sometimes sandstones associated with volcanic 
tuffs. In most cases, however, the volcanic beds are entirely wanting, 
and all the ridges consist of shales or rather slates with occasional 
limestone bands ; these limestone bands contain nummulites, which 
can leave no doubt as to the tertiary age of the rocks. At Duzdap 
spring, some volcanic strata of the flysch period are exposed owing 
to the presence of an anticline, but south of that point all the sedi- 
ments met with along the line of march were tertiary. 

South-west of the Lar K6h the strike of the strata is very 
unsteady : it is usually N. N. W. or N. W.; the cleavage planes gen- 
erally striking north-south. But at Duzdap spring and further south 
the strike becomes N. W. or even W. N. W. There are many varia- 
tions from place to place, but as my observations were taken along 
a single line it is not possible to tell how they are connected. 

Between Palez (north of Kdh-i-Khwija-i-Misk) and Deri Giaban 

. (called Deri Gumbaz on map) there extends a 

Intrusive rocks. 

I considerable outcrop of plutonic rocks compar- 
able in sis. to the still larger intrusion of R4s K6h. The Outcrop is 
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about twenty miles long and its maximum width is about five miles. 
But many smaller dykes of similar composition occur to the north and 
south-west. The main mass of the intrusion consists of granite, the 
surrounding dykes of quartz-porph mes and quartz-felsites. The peaks 
called K6h-i-Khw4ja.i-Misk, K6h-i-Bibi-Mah, Kdh-i-Borghar, K6h- 
i-Hanjird An, all belong to the main granitic outcrop; in the plains 
and valleys that separate them from one another the grapite 
has weathered into very typical “tors”. South-east of K6h-i- 
KhwAja-i-Misk there are some dykes of diorite-porphyry. 

The tertiary slates throughout the neighbouring districts exhibit 
a very extreme type of regional metamorphism. Cleavage is most 
perfectly developed, and they are altered into a very fine silky 
micaceous material which produqps a dazzling reflection in the sun- 
shine (see PI. XIII). At their junction with the granite the effects of 
contact metamorphism are added to those of regional metamorphism, 
and the strata become so much indurated that they resist desintegra- 
tion almost as well as the granite itself. In this way they rise to a 
great height along the slopes of the Hanari Range, a line of granitic 
peaks forming the south-eastern continuation of K6h-i-Bibi-Mah. 
White mica, biotite, and garnet are amongst the most conspicuous of 
the minerals developed by this contact metamorphism. The altered 
rock is usually dark coloured, but where the slates have only been 
affected by regional metamorphism they often exhibit brilliant green 
and red hues in addition to their usual buff colour. Many of the 
limestone bands still contain recognizable nummulites, which shows 
that all these intensely metamorphosed rocks are tertiary. 

Quartz veins of large dimensions occur frequently both in the 
granite and in the tertiary slates. 

From Ladis to the K&h-i-Tafd&n. 

South-east of Deri-Giaban the ranges of tertiary slates continue 
Mattered in their characteristics up to Ladis, a locality situated on 
the south-western border of the Mirjawa plain. The Ladis river 
derives a perennial supply of water from the snows of the 
K6h~i-Tafdin, which permits a certain amount of cultivation in the 
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surrounding valley. As the river approaches the Mirjawa plain, 
terraces of recent gravel and of silt are largely developed. The Ladis 
river is a tributary of the Mirjawa river, which under the name of 
Tahlab river enters the Hamun-i-Mashkhel. The terraces seen here 
just as those north of Dalbandin (page 61) and elsewhere are no 
doubt connected with the former existence of a much higher water- 
level in the Hamun-i-Mashkhel depression. 

When travelling from Ladis to visit the K6h-i-Tafdin, I followed 
the course of the Ladis river and of one of its tributaries towards the 
village of Timi, which enabled me to examine the ancient strata ex- 
posed along its bank as far as the point where they become concealed 
beneath the recent volcanic deposits of the K6h-i-Tafd4n. The direc- 
tion followed is roughly south-south west, which is practically at 
right angles to the strike of the ranges. At first the strata are the 
same tertiary slates and limestones as at Ladis. These are followed 
by volcanic rocks with the flysch facies, then again by a syncline 
of tertiary strata, and once more by the flysch which are the rocks 
exposed at the point where they become concealed beneath the es- 
carpment of the recent ash-beds from the volcano (see frontispiece). 
An inlier of the same rocks rises amidst the ash-beds at Timi. 
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Chapter II.— Recent Volcanoes. 

There exist, as pointed out by Mr. Blanford, two separate voU 
canic districts in Persia, one in North-Western Persia and one on the 
south-eastern frontier. 1 The western portion of the region examined 
by me contains the most eastern cones of the south-eastern district. 
Two large volcanoes were visited, the K6h-i-Tafd£n and the Koh-i- 
Sultin, both of which consist of compound cones of ash-beds and lava- 
flows. In the neighbourhood of the K6h-i-Sultin there are a number 
of smaller lava«cones, mostly of andesitic nature like the larger vol- 
canoes. Lastly, there are a great many deposits of travertine, even 
in regions distant from the actual volcanic foci. 

Various travellers have asserted the existence of active or dor- 
mant volcanoes in Eastern Persia, even as early as the beginning of 
the century. Pottinger gives some very interesting information re- 
specting the Basman volcano. 8 But up to the present day accurate 
information has been very scanty. The eruptive products from these 
volcanoes are both explosive and effusive, giving rise to ash-beds as 
well asiavas. They nearly all belong to one class of rocks, that of the 
andesites. They consist very largely of oligoclase felspar and do not 
contain any free quartz. They are nearly always 

Aodoitic eruptions. . t . 

very scoriaceous, so that their specific gravity is 
not readily ascertained. By means of special tests, General McMahon 
has determined it in a number of specimens. 1 The numbers found 
are somewhat low, which shows that the rocks are of a comparatively 
acid type approaching that of the trachyte group, from which they 
are removed nevertheless by the absence of orthoclase. Some slight- 
ly more basic types do also occur, but sparingly. A great many of 
these rocks contain a hornblende of an exceptional type which was 
described by General McMahon as a rhombic aniphibole and by 
Mr. Holland as a soda-hornblende. 

1 Eastern Persia, Vol II, p. 468. 

9 Travels in Beloochistan and Sinde, p. 179. 

8 Quart Journ.Geol. Soc., Vol. Llll (1897), p. 295. 
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The K6h-i-Tafddn} 

The largest of the volcanoes visited is the K6h-i»Tafd£n 
in Persia. It still shows signs of activity. Owing to the Baluch's 
corrupt pronunciation of Persian the word has been variously 
spelt Daftatty Daptan ) Diptan , and Taptan . It is also called 
K6h*i-Chehilt£n. In atlas maps it is often indicated as “ K6h-i-Taf- 
tin” or “ K6h-i-Naushada , " which means 44 the mountain of sal- 
ammoniac." But this is a confusion arising from the fact that the 
latter name belongs to another volcanic cone not far distant, the 
K6h-i-Basman. Upon enquiry I found that none of the inhabitants 
in the district of Ladis know of any other names but K6h-i-Tafd£n and 
K6h-i-Chehilt£n as applicable to the mountain which is about to be 
described, while Pottinger gives the name K6h-i-Naushada to the 
Basman volcano. 


The earliest mention that I have found of the K6h-i-Tafd4n is in 

Previous observers. ^ Nab! ’ S aCC0Unt ° f 8 i«*™7 through 

Baluchistan.* It is mentioned also by W. T. 
Blanford, 1 Sir C. M. MacGregor, 4 General and Captain McMahon.* 
It was ascended in December, 1893, by Colonel Sykes and by -Major 
Brazier-Creagh. 0 

I only visited its northern slopes ; but in that direction the distance 
Size of cone trom the highest summit of the peak up to the 

edge of the volcanic formation is over twelve 
miles. If the volcano extends to as great a distance in every 
direction, its diameter must be as much as twenty-five miles, exceed- 
ing in superficies the dimensions of Etna. 

When travelling from Ladis to Timi along a tributary of the ta^; 9 
river the first recent volcanic formation met with is a buff-coloured 
rock terminating northward in a low scarp and overlying the ancient 
flysch strata (see frontispiece). This buff-coloured rock is formed of 
ash-beds dipping away from the centre of the great volcano at a very 

1 Wrongly spelt K6h-i-Taftin 00 the*m»p» 1 tafdin — smokier. 

» Journ. As. Soc. of Bengal, Vol. XIII (1844), w . 894.96. * 

• BasteratPersia, Vol. 11 , p. 481. 

« Wanderings in Balochiatta, p. 190. 

• Quart. Jouro. GeoL Soe* Vol. LIII (1897), p, 39a. 

• Geogr, Journ. 9 Vol X (1897), p. 566. 
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low angle. It consists of finely comminuted d(bri% together with 
volcanic pebbles which vary in size from the 

Ash> beds * 

smallest ash up to fragments of about one 
decimetre at most. In some exceptional instances, where ash-beds 
are exposed nearer the central cone, some much larger boulders 
were observed. These ash-beds are very similar to those of the K6h- 
i-Sultio. They have been deeply cut into by streams forming gorges 
bordered by cliffs. These valleys are, however, very narrow ; every- 
where else the surface of the ash-beds presents a gently undulating 
surface, denudation having acted only locally. 

In all the portions of the volcano which I have visited, these ash- 
beds are the oldest formation. The explosive eruptions that produced 
them were succeeded by the outpouring of great flows of lava. 
These flows appear to be of great thickness ; at Timi they terminate 

in a northward direction by a rather steep escarp- 

Lava-How*. .. . . . 

ment, rising above the imperceptibly sloping 

surface of the ash-beds From this point up to the base of the 
central peaks there rises a broad shallow cone entirely composed of 
lava, whose gentle slope is only locally interrupted by scarps of similar 
appearance to the terminal scarp at Timi, and indicating the end of 
a lava-flow. This gigantic slope must be composed of many succes- 
sive lava-flows in superposition or in juxtaposition. This would 
probably be ascertained by examining some of the ravines which the 
rivers have cut through their mass. So far as mineralogical characters 
go there does not seem to be much to distinguish the lavas from one 
another, all the differences which I have observed being variations of 
texture such as may be frequently observed, even in different portions 
of a single lava-flow. The surface of these enormous fields of 
lava has become weathered into irregularly-sized boulders thickly 
carpeted with aromatic shrubs. 

The double central cone itself consists entirely of lava which has 
solidified at high angles. The south-eastern peak appears newer 
than the north-western one ; its shape is that of the latest flow of 
lava which has solidified half-way down its slopes, while the lavas 

( 94 ) 



RECENT VOLCANOES. 


m 

that build up the north-western cone have been irregularly cut into 
by denudation. It is from the south-east cone that vapour issues ; 
it is given forth in considerable quantity, so that although there may 
not have been any outpouring of lava of late years, yet the volcano 
has not entirely ceased to be active. It is probably in the “ solfata- 
ric” stage. It is unusual for an active volcano to rise at such a 
distance from the seashore : K6h-i-Tafddn is about 240 miles distant 
from the Arabian Sea. But as Asia is the most massive of all the 
continents it is naturally there that such exceptions may be ex- 
pected. 1 Geologists have pointed out that volcanoes are formed 
where great and sudden differences of level occur in the surface 
of the earth’s crust, and nowhere are these differences so much 
marked as along some of the sea-coasts, which would explain tho 
position of so many volcanoes near the sea. It is quite possible that 
considerable differences of level are concealed by the enormous 
thickness of recent deposits in the deserts of Central Asia. 

I did not ascend up to the summit of the mountain, but the 
vapour appears to issue from the southern side of the peak. It 
issues at regular intervals of time, in very large volumes visible from 
a distance of several miles. 

Where sections of the lavas are exposed in ravines they exhibit 
normal characters ; flow-structure is very distinctly seen and the 
scoriaceous nature of both the upper and lower portions of the flow 
is also distinctly shown. The lower scoriaceous portion is often 
quite cavernous, some of these natural caverns being spacious 
enough to be used as dwellings. Many other dwellings have been 
artificially excavated in the soft ash-beds. As it often happens in 
volcanic areas this cavernous lower portion of the lava affords an 
easy passage to water, which is frequently seen gushing out from 
the junction of the lava and agglomerate. The spring known as the 
41 Fountain of Moses ” in the valley above Timi is of that nature. 

1 Some of the American volcanoes, though not so far removed from the ocean as 
the If 6h-i-Tafd4p, are by no means in the neighbourhood of the seashore; for instance. Goto* 
yaii is 160 mites <|stant from the Pacific Ocean, while Popocatepetl is situated at ifio miles 
from the Pacilc Ocean* and 140 milea from the GuU of Mexico. 
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The K6h-*-Sult&n. 

The K6h-i-Sult4n derives its name from that of the most cele- 
brated and most respected of all the “ Pirs ” or saints who form such 
a curious feature in the religion of the tribes that inhabit BaluchistAn. 
With reference to this "Pir Suitin'’ or “Pir Kisri,” Perrier, with 
great justice, says of the Baluchis, that " although acknowledging 
rii«t Mahomet is a prophet there is another they consider of mnch 
greater importance than he, and as second only to God, with whom 
they sometimes confound him .” 1 

Situated as it is in a very inaccessible position in the heart of the 
desert, this mountain has attracted very little 
notice from travellers. Its name was mentioned 
from secondhand, or rather thirdhand, information by Bellew in 186 a, 
and it is evident that his informant was not quite clear about the 
separate existence of the K 6 h-i-Sult 4 n which he calls Pir Kisri, and 
the K6h-i-Tafd4n which is called Chih-i-Dudi, “ the smoking well.”* 
Some distant views of the mountain are given by MacGregor in 
his “ Wanderings through Balochistan,” and it has been described by 
Captain McMahon.* 

The K6h-i-Sult4n is an oval-shaped mountain, whose longer axis, 
Physical and geological striking west-north-west, is about 17 miles, the 
feature*. transverse width being about 10 miles. It is 

an extinct volcano consisting of rocks very similar to those of the 
K6h-i-Tafd4n ; but instead of forming one cone the centre of eruption 
seems to have shifted several times, so that the mountain is really an 
aggregate of three distinct cones, now greatly denuded, whose centres 
are disposed along one straight line. As in the case of the K 6 h-i- 
Tafd&n the earlier eruptions were mostly explosive, the later ones 
effusive, but the more or less continuous covering of lava-flows, 
which, no doubt, at one time capped the great accumulations of tuffs, 

1 Caravan Journeys, p. 439. 

* Journal of a Political Minion to Afghanistan in 1837, by H, W. Bellow (1869), 
9*178*79. 

• Geogr. Journ., VoU IX (1897) ; Quart. Jonrn. Gaol. Soc., Vol. UII (1897)* 
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is it still does in the K6h-i-Tafd5n, has been scoured to such an 
extent by watercourses that it is reduced to isolated masses forming 
gently sloping plateaux round the periphery of the mountain. 

The original summits of the three cones have been entirely 
denuded away. The western cone has been denuded to such an 
extent that it now forms a great circular plain four and a half miles 
in diameter, surrounded by a beautiful amphitheatre of cliffs. It is 
an instance of the kind of feature termed by Lyell a lt crater of denu- 
dation.” 1 All the drainage of this amphitheatre is gathered into 
one channel, the Gam-i-Ch£h river. The cliffs that surround this 
amphitheatre consist almost entirely of accumulated ash-beds (PI* 
XIV). They do not everywhere rise to the same height in one 
unbroken line, but have been variously shaped by the agencies of 
denudation ; some portions which have been less denuded stand out 
as isolated masses or as outstanding pillars like the Neza-i-Sultdn, 
Photographs of the latter object, published in the Geographical 
Journal and the Quarterly Journal of the Geological Society do not 
show its connection with the surrounding hills and led to some dis- 
cussion at the time when Captain McMahon read descriptions of 
the mountain. The Neza is only an unusually lofty mass of ash-beds 
isolated by denudation. The beds composing it dip south-east at a 
well-marked angle. 

The second cone seems to have had its centre in the neighbour- 
hood of the great masses of lava called K6h-i-Abu (PI. XV) and Midn 
K6h. The circular outline of this second cone is less easy to follow 
on the map (see map 3) than that of the western one, probably 
on account of its more heterogeneous composition ; for while the 
western cone cdnsists almost entirely of ash-beds, this second cone 
contains a large proportion of lavas, principally in its central portion. 
Moreover, eruptions may have proceeded simultaneously or alter- 
nately from tjjus cQne and from the western one, which would have 
further contributed to increase its irregularity. 

The eastern cone has been denuded into scarped masses of 
1 Quart* Journ. fool. Soc.» Vot. V! (1850)9 p. ao7» 


H 
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great magnitude also grouped in a circular manner. It consists 
principally of accumulations of fragmentary materials and contains 
the highest summit of the mountain, the 14 Miri," which rises to an 
altitude of 7,656 feet. 

A thorough examination of the mountain would result in unravel- 
ling all the details of its history. By examining the manner in which 
beds of various nature overlie one another, by ascertaining the 
mineral characters of the various lavas, it would be an easy task to 
assign to them in every case their relative age and their point of 
origin. 1 remained only one week in the mountain ; it is not possible 
tor me to tell with^ certainty the order in which the three cones made 
their appearance. The eastern cone is probably the newest, judging 
from the fact that it still contains the highest summits, notwithstand- 
ing the extremely friable nature of its ash-beds, which have been 
greatly decomposed by solfataric action. On the other hand, the 
broad denuded circular plain and ruined cliffs of the western cone 
point to a greater antiquity. The remnants of lava- flows that cap 
the agglomerates and tuffs, forming conspicuous gently inclined pla- 
teaux round the periphery of the mountain seem to be the debris of 
streams of lava that proceeded from the second or central cone. 
Those that overlie ash-beds of the western cone were poured over 
an extremely irregular surface, showing that the western cone had 
been denuded to a considerable extent at the time of the eruption of 
the lavas. 

Thus the three cones appear to have succeeded one another in 
the direction from west to east ; but the eruptions may have been 
partly simultaneous judging from the manner in. which beds dipping 
in opposite directions overlap one another. 

The lavas above mentioned, which denudation has 'separated 

Lava-flows into ^ on £ 9 ^ r ^P s » probably formed at one time 

a continuous outcrop analogous to the one of 
the Koh-i-Tafdin. The flows are of considerable thickness, of a 
grey colour, with very imperfect columnar structure or quite irreghlar 
jointing, and are petrologically very similar to those oM< 6 h-i-Tafd 4 n, 
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They belong to a late period of the history of the volcano as is shown 
by their stratigraphical position and by the great amount of denuda- 
tion undergone by the underlying ash-beds previously to their appear- 
ance. On the other hand, there exist also some older lava-flows in- 
terbedded with the ash-beds and agglomerates, There are also some 
lavas which seem newer still than those of the great inclined plateaus, 
and are probably the latest products of activity. They occur at 
the junction of the second cone with the eastern one and are shown 
on the map with a purple colour. They are more basic than most 
of the other rocks. They show a distinctly columnar structure 
and occur at very variable altitudes, frequently occunying the 
bottom of valleys, so that when they were ejected the topography 
was already not unlike what it is to-day. 

The fragmentary beds which form the most considerable portion 
of the volcanic deposits are of various degrees 

Ash-beds, tuffs, etc. 

of coarseness, from the finest ash up to masses 
consisting of boulders as much as one foot in diameter. All these 
fragments are irregular and angular. There are also found occa- 
sionally some real “ bombs ” which were ejected in a molten or 
pasty condition and which have a chilled outer crust (specimen ^ 5 3 T ) , 
The desintegration of these ash-beds has produced a gigantic talus 
forming a deeply ravined slope all round the mountain. The materials 
of all sizes have been reconsolidated into beds which so resemble 
the ash-beds from which they were originally derived that it is often 
difficult to tell whether it is the result of former eruptions or of later 
desintegration, a distinction rendered still more difficult owing to the 
fact that denudation was proceeding simultaneously with the later 
eruptions. 

The fragments that constitute the agglomerates and ash-beds 
consist of andesitic lavas of the same class as those that form the lava* 
flows. Wheta paltered they exhibit the same grey colour, but usually 
they have undergone a certain amount of chemical alteration, probably 
of a solfataric nature, which has coloured them in exquisite shades of 
salmon pink, buff, green, mauve, and many of her tints. These 
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wonderful colours, combined with the exquisite shapes of the cliffs, 
give to the scenery a degree of beauty which it would otherwise 
lack on account of the almost complete absence of vegetation. 

The degree of alteration which has produced these colours is of a 
moderate degree ; but in other places the mineral vapours have altered 
the rocks far more completely. The volcano was a solfatara in one of 
its last stages, which is probably also the stage now reached by the 
K6Vi~Tafdin It is in the eastern portion, principally all round the 
“Miri, ” that the effects have been most pro- 

Solfataric action. 

aounced,but other patches of similarly affected 
rocks have been observed further west, the most important ones being 
shown on the map, and a portion of the volcano Damodim, west of 
K6h-i*Sult£n, also exhibits the same phenomena. The scenery all 
round the Miri Hill is of the most extraordinary character, slopes 
thousands of feet in height being entirely coloured in the most 
brilliant tints of red and yellow. All the rocks, whether agglom- 
erates or lavas, have been transformed into soft clays of bright 
colours. Where the transformation has not proceeded so far, the 
shapes of the minerals can still be discerned, but generally every 
original character lias been obliterated, save occasionally the 
stratification. Owing to their friability, these altered rocks have not 
weathered into the same vertical cliffs as elsewhere, bnt they are 
cut up into innumerable ravines with countless branching furrows 
and ramifications, in the manner which characterizes the* denudation 
of a homogeneous argillaceous rock. 

These clays are all impregnated with sulphate of alumina, which is 
extracted and used as a mordant, under the name of ,4 K6h Mak *. n 
In this country,' where it does not rain for years at a time, it 
gradually effloresces in the shape of white tufts, which are collected 
under the name of 44 Phul Mak. ” 1 did not see the latter 

substance, as an exceptional shower of rain had destroyed it just 
before my visit. Some pale yellow clays contain soluble salts of 
iron in addition to those of alumina. The iron salts combine with 
certain vegetable substances and with the sulphate of alumina to form 
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dyes of various colours as is described by Major Brazier-Creagh, 1 
who collected a similar material near the K6h-i-Tafdin. The bright* 
red clay called (i Gilik ° is used for marking sheep. These soft clays 
with their associated minerals have been formed by the action of 
mineral vapours. They are full of large plates of gypsum and occasion- 
ally contain sulphur, which is also extracted. The ore is placed in 
large cauldrons built over a fireplace in which brambles are burnt; a 
man stirs the sulphur, while it melts ; the lighter 

Extraction of Sulphur. . , . 

impurities are skimmed oft the top with aflat 
ladle, the heavier ones sink to the bottom, and the sulphur is finally 
decanted into basin-shaped moulds. This industry has been carried 
on for ages by a family living in the Afghan Province of Garm Sel. 
The K6h-i-Sult£n and all the minerals which it contains are looked 
upon as the special property of the mythical Pfr Sultln who is 
supposed to reside there. None of this land can become private 
property. One-tenth of the value of the sulphur and sulphate of 
alumina is given away in charities as a right of work (the same rule is 
followed by the people who collect asafcetida, the plant being com- 
mon in some parts of the mountain). 

In addition to chlorinizing and sulphurizing actions, silicification 
has also taken place in some localities. Super- 

Silicification. v t a 

heated vapours charged with silica have found 
their way through vertical cracks and little by little the substance 
of the rock has been replaced by silica, causing the altered portion 
to resist weathering better than the unaltered rock, so that 
it stands out resembling a dyke. These silicified rocks occur 
often at quite a distance from the main regions of solfataric action 
(specimens ■£$-, ^). Sometimes the silicified rock is surrounded on 
either side by a narrow zone transformed into clay and gypsum. 
Sometimes the vapours have followed a plane of stratification making 
one strattm quite hard. The substance of the rock has been 
replaced so*gradually that the shapes of the fragments in an 


Silicification. 


i Roc. (tool. Sorv, tnd., Vol. XXX, p. 353. 
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agglomerate or the outlines of crystals are often perfectly clear, al- 
though nothing remains of the original substance, the case being, no 
doubt, similar to that of the structures so well preserved in silicified 
wood. In a few instances the silica has been coloured green by 
slightly cupriferous emanations. 


The great cliffs of agglomerates of the K6h-i-Sultan produce the 
most wonderful echoes, a word being repeated distinctly in some 
places as many as five times. To these echoes I would attribute a 
curious sound which is supposed to be that of a war-drum or 
4< Naqara M played by the Pir Sultdn during certain nights. This 


The “ magic drum.” 


performance is supposed to take place on the 
summit of Shandi-K6h, one of the peaks of the 


western circle of cliffs. I heard this sound on one occasion when I 


was encamped at Washdb, a short distance east of Shandi-K6h. It 
is a clear, high-pitched, slightly vibrating sound, not unlike the 
distant roll of a somewhat metallic drum, nr*w becoming fainter, 
now swelling till it becomes astonishingly loud, and it is heard for 
hours at a time in the dead of night. The night when I heard this 
sound was a very calm night. It may be that when there is very 
little wind in the valleys, the noise of the breeze on the hill- tops is 
exaggerated by the echo. It would be interesting to find out whether 
it is only with the wind blowing in certain directions that the sound 
is heard. 1 


All over the alluvial plain north of the K6h*i-Sultdn are scattered 
numerous blocks of pumice. I have not observed from which point 
they were derived, it is probably from the unexamined portion at 
the eastern extremity of the mountain. At Washib there are some 
tuffs entirely made up of small fragment* of pumice (specimen ?&)• 

1 This myth of the Pir Sult&n, like many other lh?tb* of this region of Baluchistan, is no 
doubt of pre -Mahometan origin, Mr. Tate^ by f his thorough knowledge of oriental 
languages, has been able to collect a great deal {^Mgresting folk-lore, informed me that it is 
not allowed to kill snakes in the K6h-i-Sult&nAtt4 the neighbouring d stricts as these animals 
aro supposed to be under the protection of the Pfr 4ultln, apparently a remnant nf an ancient 
smlce worship. In addition to playing the drum, the Mr S ult 4 n is occasionally heard and 
seen tiding about the mountains at night. It is very curiuis that there exist absolutely similar 
legends in Central India in cons-xtion with a spirit called Pir Maharaj, who is worshipped 
both by Hindus and Mahometans. 
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Damodim . 

West of the K6hM-Sult£n r^es the volcano Damodim Its shape 
is that of a truncated cone about four miles and a half in width. All 
the outer portion of this cone is a talus formed by denudation. Con- 
sidering the amount of denudation which has taken place, the circular 
shallow crater or rather plateau at the summit is difficult to explain. 
On its western and northern side this plain is limited by steep-sided 
peaks ; on the southern and eastern sides the rim rises in very low hills 
or even the edge of the plateau is quite shallow. This flat plain is 
more than one mile in diameter. It cannot represent a crater of the 
ordinary type of a cinder cone, for the rim is very heterogeneous in 
composition : the three peaks to the west and the one to the north 
consist of massive rock ; whether they represent part of a volcanic 
neck or fragments of a lava-flow is difficult to decide, they appear so 
structureless. The rest of the rim of the crater consists of agglomer- 
ates resembling those of the K6h-i-SuIt£n. It is possible that the 
last eruption of the volcano may have been of a violent explosive 
nature producing a deep cavity ; owing to the dryness of the climate, 
this did not give rise to the formation of a lake, and the rim under 
the influence of desintegration and denudation gradually collapsed 
both inwards and outwards until the central cavity became the 
scarcely concave plain of to-day. 

After an unusually heavy shower of rain a shallow sheet of water 
remains for some time in the centre of the plain which is covered with 
fine alluvial silt derived from the taller peaks of the rim. This 
supposition of a very violent explosive eruption would account for 
the enormous proportions of the surrounding talus and the huge size 
of the boulders composing it. 

On the eastern slopes of Damodim the rocks are altered by 
solfataric action in the same manner as those of the K$h-i-Sult£n. 

Massive Cones of Lava . 

The volcanoes so far described are both explosive and effusive. 
In fact, the fragmentary deposits due to explosive eruption seem to 
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be somewhat in excess of true lavas. There remain to be noticed 
some smaller cones of very recent date consisting entirely of lava, all 
of which occur in the neighbourhood oT K6h-i«Sultin ; the date of their 
eruption is far more recent than the period of activity of the K6h-i* 
Sultan and the Damodim. When undenuded they have a roughly 
hemispherical shape which is not a result of subsequent weathering, 
for their desintegration has only given rise to a limited talus beyond 
which no fragments occur. The lava was erupted in a viscous or 
pasty condition and solidified at high angles without flowing to any 
distance, giving rise to a type of hill which is well known by the 
Puy de D6me in Auvergne and the other trachytic bosses in its 
neighbourhood. K6h-i-Dalil is comparable in size to the Puy de 
D6me, perhaps even larger. Batil K6h (PI. XVI) 
mi * is of smaller dimensions; it rises on the 

souther* talus of the K6h-i-Sult£n and its stratigraphical relations to 
that talus constitute a proof of its very recent date. This southern 
talus is furrowed by innumerable ravines, and the Batil K6h rises 
upon the ridge between two of these valleys; it has not in the 
slightest way deflected the watercourses nor affected the general 
shape of the ridge as may be seen on the map and in the figure. 
Thus at the time of the eruption the talus presented practically the 
same topography as it does now, and the denudation of the K6h-i- 
SultAn had proceeded about as far as at the present day. Fragments 
of the boulders of lava forming the talus were observed caught up in 
the Batil K6h lava. The lava of Batil K6h is remarkable for the fact 
that it contains olivine, in perfectly clear transparent grains of a 
very pale straw-yellow. 

The K6h-i-Dalil, about fifteen optes east of Damodim, is of similar 
„ . . _ structure to K6h. It is of considerable 

size forming a conspicuous object visible from 
a great distance. The lava is a trachytic looking andesite with a 
rudely columnar structure Where slightly altered the rock has a 
brick-red colour ; it is grey wh^J fresh. It is very porous, the upper 
surface of the lava being quite, scoriaceous. Petrologically it is 
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quite similar to many lavas of the K6h-i-Sult£n and the K6h-i- 
Tafdin ; the peculiar hornblende which characterises so many of 
these lavas is very abundant in the Dalil lava* 

The volcano Mit K6h, N by E. of Amfr-Chdh and separated 

from that locality by a broad belt of sand 
Mit K6h, etc. . . . . 

dunes, is very conspicuous, owing to its red 

colour and its isolated position. It has suffered from denudation 

more than Batil K6h and K6h-i-Dalil, so that it has lost its regular 

hemispherical shape. It is surrounded by a broad talus very much 

invaded by wind-blown sands. 

About half way between Mit K6h and Koh-i-Dalil, almost in an 
exact straight line with them, is a very small volcano not much more 
than one hundred feet high, which occurs on the south side of the 
track from Amir-Chdh to Zeh. It consists of a very fine-grained 
black andesite which becomes red on weathering, together with a 
few scoriae. It has a crateriform shape, the crater being indented 
by the lava which has not flowed to any distance. Like Batil K6h, 
this little volcano has a very recent appearance ; the lava contains 
a large number of small crystals of olivine. 

Other Volcanoes . 

The volcanoes above described are but the eastern portion of a 
large volcanic district, which occupies a great part of eastern Persia, 
as can be inferred from the narratives of previous travellers. Thus 
the volcano of K6h-i-Bas man, also called *K6h- 

K6h-i-Basman. 

i-Naushada 1 and Meh-K6h* appears to be 
comparable in size to the gigantic K6h-i-TafdSn. Although no 
mention is made of any column of vapour similar to the one which 
forms such a conspicuous feature in the Tafddn mountain, yet all 
accounts seem to show that the Basman volcano also exhibits some 
signs of activity. Pottinger gives a most interesting account of a 
thermal spring which occurs at the village of Basman, about fifteen 
miles from the mountain. 1 The specimens of lava which Major 

1 Pottinger. Travels in Beloochistan and Sinde, p. 180. 

* W. T. Blanford, Eastarn Persia, Vot. If, p. 481. 

* Travels, p. 179* 
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Brazier-Creagh collected on the cone are remarkably similar to 
those of the Tafdin and Siiltin volcanoes, and like them contain 
the same exceptional hornblende. 

Mr. Blanford mentions the occurrence near the Nirmashir 
desert of a number of perfectly fresh-looking volcanic cones. From 
his description, it appears that there are two different series, 
an ol<^ one of well consolidated rocks which have undergone a 
moderate degree of disturbance, and a newer one overlying the 
former, and which are described as 44 chiefly ashes and vesicular 
blocks of comparatively recent origin, with a few outbursts of 
basalt, which are doubtless lava-flows. 2 ” The specimens from this 
newer series, which are preserved in the Survey collection, are 
andesites, often highly scoriaceous, which appear perfectly fresh. 

Other cones exist, no doubt, in southern Afghanistan : the 
specimens from which Mr. Holland described the peculiar hornblende 
so common in these rocks, were obtained by Dr. Maynard near 
Malik Ddkhand. 

To the w’est of the K6h-i-Tafd4n, and connected with it by 
high ground, is a group of mountains that rise to a considerable 
height, several peaks exceeding an altitude of ro,ooo feet. At the 
distance from which I saw them, they seem to consist of stratified 
rocks which exhibit uniform and moderate dips, thus differing in 
appearance from the usually contorted structure of the older 
formations. They form stupendous cliffs of shapes not unlike those 
which have been carved by denudation in the K6h-i-Sult4n. The 
specimens of coloured clay or "Mak” collected by Major Brazier* 
Creagh were labelled/' Chehltan range ”• and were probably derived 
frdm these hills, which would represent an older ruined volcano 
that preceded the modern Koh-i*Ta4dia. 

Further, as has been several times mentioned in the previous 
chapters, it is possible that some distinctly older eruptions occurred 
during the pliocene period. This is perhaps the age of the older 

1 Eastern Persia, Vol. !!, p. 482. 

* Colonel Sykes also speaks of these mountains as the T&ftan tange. Geog. Journ., 
Yol. X (1897), p. 573. 
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series observed by Mr. Blanford in the Narmashir district. The 
volcanic activity may have traversed the same phases as in other 
regions, in Auvergne for instance, where the recent and sub-recent 
eruptions were preceded by pliocene and even miocene outbursts. 

Lastly, it is well known that mud volcanoes have been observed 
in many parts of Baluchistan and Eastern 

Mud volcanoes. . 

Persia. 1 That they are phenomena connected 
in some way with real volcanic activity is admitted by many 
geologists, and, in the present instance, they would also therefore 
belong to the Eastern Persian volcanic district. 


Terraces of Travertine . 

Deposits of carbonate of lime, the products of former thermal 
springs, connected no doubt with volcanic activity, have been 
mentioned in a number of localities. The most considerable deposits 

are north of Jhuli (see ante } page 70) and at Tozgi (page 73). 

Similar deposits were noticed by previous observers in the neighbour- 
hood of Koh-i-Malik D6khand in Afghanistan. 

The travertine occurs in well stratified layers, but without form- 
ing a distinct succession of terraces disposed in successive steps, & 
feature now obliterated by denudation, for the hot springs that 

gave rise to the deposits have ceased to flow, and denudation had 

commenced acting before the deposition had entirely ceased. For 
instance, north of Jhuli, where the leposits cover a very large area 
and rise to a considerable height upon the hill- 
slopes, ravines have been eroded through the 
accumulations of travertine ; but on the floor of these ravines, the 

1 Descriptions of the mud volcanoes of Baluchistin are given in— Transactions of the 
Geographical Society of Bombay, Vol. Ill (1839-40), p. 77 ’• Filgrimage to Hinglaj, by Captain 
S. V. W Hart, Journ. Bom. As, Soc., Vol. Ill (1850), p. 8: Memoranda on mud craters 
in the district of Luss, by Captain A. C. Robertson Rec. Geol. Surv. Ind., Vol. 
V : Note on the Geological Formations seen along the coasts of Bildchistin and Persia 
from Karachi to the head of the Persian Gulf, and on some of the Gulf Islands, by 
W. T. Blanford, p. 43.^ Quart. Journ. Gsol. Soc. , Vol. XXX (1874), p. 50 s On the Mud 
Craters and Geological Structure of the Makran Coast, by Lieutenant A. W. Stifle, 
Manual of the Geology of India, 2nd edition, p . 22. Geogr. Journ., Vol. IX (1897)1 The 
Southern Borderlands of Afghanistan, by Captain A. H. McMahon, p. 398. 
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weakened springs still continued depositing calcareous tufa in which 
blocks detached from the escarpments of the older formation became 
imbedded. At the present day there still issues a small spring which 
forms incrustations of rather pure common salt which is collected by 
the inhabitants of neighbouring districts. 

A pale-coloured variety of this travertine acquires on weathering 
a smooth translucent surface, giving it the appearance of pale yellow 
wax, which is very pleasing to the eye. The weathered pieces are 
collected, and without being carved in any manner, they are largely 
used for the decoration of tombs. North of Jhuli this variety is 
obtained principally from the newer deposits. The fractured surface 
has a disappointing appearance : beneath the wax-coloured weathered 
surface the rock is nearly white and so coarsely crystalline that it 
is too brittle for any decorative purpose. The older deposits consist 
of a rock which, on weathering, assumes an unattractive brown colour, 
but which on fracture is found to be a very beautiful material. The 
carbonate of lime is of a delicate green colour, ^veined and banded 


with portions stained with iron, showing that the springs were 
also ferruginous in their earlier stages. The material is sufficiently 
tough to be obtained in fairly large pieces, and would form a very 
ornamental 44 onyx marble.” 

At Tozgi the rock is pure white and coarsely 

Deposits at Tozgi. 

crystalline. 

Mr. Holland has drawn attention to the fact previously noticed 
by Dr. G. E. T. Aitchison that this rock consists of alternating 
layers of calcite and aragonite. 1 Some specimens collected at K6h- 
i-Malik-SiAh (page 88) consist entirely of fibrous aragonite. 

Mr. Blanford has mentioned the occurrence of similar rocks in 


Persia. 1 


Parallel between the Western Malay and the Eastern 
Iranian Region . 

In India there is a complete absence of any undoubted instance 
of a recent volcanic eruption* both in the peninsular and in the 
» Rcc. Gsol. Surv. Ind., Vol XXX, p. tap. 

• Eastern Persia, Vol II, p. 485 . 
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extra-peninsular region. But both to the west and east, volcanoes 
appear in the two regions of curved ranges that join the great 
Himalayan arc both at its eastern and western extremities. Among 
the features common to the parts of those two regions that border 
upon India, are the numerous parallel ranges made up largely of 
marine tertiary strata, while in either case, the upper tertiary is 
represented by rocks similar in age and appearance to the Siwaliks 
of India. Mud volcanoes have long been known in either region, 
and the existence of real volcanoes of recent and sub-recent date 
must be added as a further connecting link. K6h-i-Sult£n, Koh-i- 
Tafdin, Basman K6h, and the other volcanic centres of Eastern 
Persia form the counterpart of Barren Island, Narcondam, Puppa 
and other Burmese volcanoes. Nor is it only their geological age 
that is similar, but the lavas of which they are built are identical. 
The Burmese volcanoes also consist of andesites whose minerafogical 
constitution is quite similar to the Eastern Persian ones : just as 
in Eastern Persia, the presence of olivine is frequent, and the same 
varieties of pyroxene and amphibole are met with ; a mineral very 
similar to the peculiar red hornblende of Baluchistan and Persia 
being very conspicuous in many of the lavas from Narcondam, where 
it wa9 noticed by Mr. Mallet, 1 and in the lavas of Puppa. 

1 Mem. Geol. Surv. lnd., Vol, XXL P* 2S2. 
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Part III, 

PETROLOGY AND ECONOMIC GEOLOGY. 

Section i.— PETROLOGY. 


The journey which I performed through Baluchistan, although 
not always favourable to geological observations on account of the 
great distances travelled through, afforded nevertheless from this 
very reason, an opportunity for collecting a most varied and exten- 
sive collection of rocks. 


Two descriptions have been published of the specimens collected 
in 1896, during the Afghin-Baluch boundary commission, one by 
Mr. Holland, and one by General McMahon (see ante , page 6). 
Nevertheless the excellence of the material now at our disposal 
represented, as it is, by a collection of several hundred specimens, 
will still allow many important details to be added to these interest- 
ing studies. Although a great deal of preparatory work has been 
done, the study of such a vast amount of material has not advanced 
far enough to justify the publication of any results. It is, therefore, 
necessary to postpone, until some future occasion, the review of this 
important subject. The following is a short resume of a few points 
that have been noticed 

On page 40, a classification was given, dividing some of the 
igneous rocks into three groups according to 
their geological age. 

I.— Volcanic rocks of the ## flysch ” period, that is upper cretace- 


Classification. 


ous and lower eocene. 

2. — Intrusions, principally acid and intermediate, probably upper 

eocene. , 

3. — Basic intrusions cutting through those of group 2. 

To these must be added a fourth group, that of the recent 
volcanic products which, if some of my observations be correct, 
would require a fucther sub-division into 

4 a — Volcanic outbursts of Siwalik age, probably pliocene. 

44. — Recent and sub-recent eruptions, 
f no ) 
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It has also been noticed that the existence of these four indepen- 
dent series constitutes a source of great confusion wherever the age 
of the rock is not unmistakably established by the moat distinct 
field evidence. For instance, three at least of these series, the 
groups 1 1 2 and 4, consist of rocks which vary considerably in chemi- 
cal composition, .and in the present state of our knowledge of the 
geology of this region, it is often impossible to tell to which group 
certain intrusive rocks may belong. The volcanic formations of 4^ 
have not been sufficiently denuded to exhibit any of their intrusive 
portions, but a basic intrusion might belong to any of the other sub- 
divisions, while a more acid rock might belong indiscriminately to 
1, 2, or perhaps 4 a. Even in the case of a lava, as in the instance 
seen at Rob£t (pages 30 and 88), it becomes difficult to tell 
whether it belongs to an exceptionally unaltered outcrop of group 1, 
or an exceptionally disturbed outcrop of 4 a % 

In many cases, however, there can be no doubt as to the correct 
attribution of the rocks ; and, although their petrological characters 
have been described in the works above mentioned, yet it is 
interesting to be able to group them according to their relative 
ages. 

The rocks which are classed together as group 1, that is the 
volcanic rocks of upper cretaceous and lower eocene age, are 
mostly ash-beds and tuffs which often consist of intermingled frag- 
ments of widely different petrological characters. Almost every 
\ariety of lava is represented in these fragments, from a quartz- 
andesite to a highly basic basalt. A few lava-flows have also been 
observed, whose structure is usually somewhat brecciated, as is very 
commonly seen in rocks of this nature when they h£ve been poured 
out lender water. 

The great intrusions and smaller dykes and bosses of group 2, 
which have been several times noticed in the descriptive portion of 
this Memoir, siso vary in composition. Granites, syenites and 
diorites, both with and without quartz, have been met with. They 
often possess a truly granitic structure, or else, as at the edges of the 

t hi ■) 
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large masses, and in smaller dykes, they exhibit porphyritic charac- 
ters. Some of the qnartzless rocks are somewhat basic, though 
they never become typical gabbros and dolerites, at least not in any 
rocks which can be without any doubt attributed to this group. 

Amongst the rocks with reference to which some doubt arises 
as to their proper attribution to group i or group 4, are some very 
interesting diorites and diorite porphyries that contain a large 
proportion of micrographic quartz. Some of them have been in- 
truded amongst gabbros, and it would be interesting to study more 
closely the field-relations of the two rocks as the association of 
granophyre and basic rocks has already been noticed in other locali- 
ties. 

The rocks which have been referred to group 4 a and which per- 
haps represent a period of volcanic activity of Siwalik age, are bot& 
intrusive and effusive. They are either intermediate or basic and 
are remarkable for the extreme freshness of their minerals. Some 
of them belong to somewhat exceptional types, for instance, a diorite 
porphyry apparently containing a felspathoid, in the desert near 
K6h-i-Dali1, and a very beautiful limburgite which occurs as a dyke 
at Robit. 

Lastly, the recent volcanic products that constitute group 4b 
are remarkably uniform in character as has been noticed in the 
chapter dealing with that formation. A great many contain a horn- 
blende that exhibits some exceptional features. 

The study of this vast collection is not yet sufficiently advanced 
to allow of any generalisations being formulated. The distribution 
of the minerals presents some noticeable peculiarities. In all the 
groups above mentioned, augite is a vefy plentiful mineral either to 
the complete exclusion of hornblende; or frequently associated with 
it. Sometimes this may be due to the transformation of augite into 
uralite, vyhile the reverse change of hornblende into pyroxene is also 
seen in a great many rocks of group 46. But in most cases, in 
which the pyroxene and amphibole are associated, they both occur 
as primary constituents of the rock. 

( IH ) 



ECONOMIC GEOLOGY* 


291 

Whilst augite is so common the mineral orthoclase on the other 
hand is very seldom met with. Where it is plentiful, a%Jn some 
rocks of R£s K6h, it is associated with augite, forming an augite* 
syenite. The diorites and granophyric diorites usually contain 
nothing but plagioclase felspar however great may be the proportion 
of quartz. Olivine is very plentiful even in rocks that are not basic, 
as was already noticed by General McMahon. 1 Sphene and apatite 
are often very abundant. 

It is to be hoped that an opportunity may arise for completing 
the study of such an interesting collection* Many questions that 
require further field investigation cannot be elucidated for some- 
time to come on account of the inaccessible situation of some of the 
most typical outcrops. But enough material has been gathered to 
repay a thorough study of the collection. 

Section 2.— Economic Geology. 

Ores of copper, lead, and iron, and some othe. minerals of com- 
mercial value, such as sulphur, sulphate of lime and sulphate of alu- 
mina, have been met with -in several localities. Some of them occur 
in small pockets as an original constituent of some of the igneous 
rocks mentioned in previous chapters. All the others are results of 
solfataric action, either in the recent volcanoes, or in connection 
with some basaltic intrusions that belong to an earlier period* None 
of the deposits observed are of great richness, and the physical 
drawbacks of the region, the absence of fuel and the difficulty of 
obtaining labour make it improbable that any satisfactory returns 
could be obtained under existing conditions. 

Some of the varieties of travertine formerly deposited by hot 
springs connected with volcanic activity might be used as an 
ornamental stone. 

Silicate of copper, or “ chrysocolla ” occurs disseminated through 

suictte of copper s y enit « in the R£s K6h, south of Charsar in the 
occurriog as a constituent state of Kharan, and through diorite, in the 

Lar K6h in Persia, near Malik-i-Siih-Kdhy 

1 Quart Journ. Geol. Soc , Vol. Ill (189;), p. 29?. 
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These syenites and diorites are intrusions of tertiary age ; their min- 
eral composition is somewhat exceptional. Notwithstanding their 
acid character and low specific gravity, they contain an abundance of 
augite and even olivine. The proportion of titanium and phosphorus 
must be unusually high judging from the number and size of the 
cystals of sphene and apatite. Near the junction with the sedimen- 
tary rocks, the syenite frequently contains silicate of copper, not 
in veins, but disseminated amongst the other minerals in grains 
of varying size. My observations were not sufficient to decide 
whether any of these masses would be large enough or especi- 
ally continuous enough to allow of systematic working; the mode of 
occurrence in itself renders this improbable. Some men living at 
Charsar, where there is a little cultivation along a “kir^z,” remem- 
ber having seen the metal extracted some thirty years ago, by a 
certain Dad Muhamad. This man merely collected out of the taluft. 
the pebbles containing copper ore, which are conspicuous on account 
of the green colour which they assume on weathering These he 
ponnded in a mortar and extracted the metal in a primitive manner, 
the smelting of chrysocolla being very easy. 

At Robit, near Lar K6h, there are some important remains of 
copper smelting works, in the shape of heaps of slag. The blocks of 
slag are so numerous that a small fort now ruined was entirely 
built of them. The only ores which I saw in the neighbourhood are 
silicate of copper disseminated through the syenites and diorites of 
Lar K6h, and some veins containing carbonates of copper at Robit 
K6h and Malik-i-Si4h K6h. None of these deposits seem of sufficient 
importance to have yielded a large quantity of metal, and I did not see 
any remains of underground workings. It is possible that the ores 
smelted at Robit were obtained from some other spot which I have 
not visited, situated in the north-western continuation of the ranges in 
Persia. Khanikoff mentions the existence of large abandoned mines 
of lead and copper which are so situated. 1 

1 M6moire sur la Partie MSridionale dc l’Aaie Ceatrale, p. 
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Ore* occurring in vein*. 


Drana K6h. 


All the other ores observed seem to have been the result of sol b 
fataric action. All the rocks older than the 
Siwaliksj whether they be intrusive or sedi- 
mentary, are frequently traversed by dykes of basalt. In 
many cases the felspars in these basalts are pseudomorphs con- 
sisting of calcite, and the alteration has extended to the surrounding 
rocks with the development of various secondary minerals such as 
epidote. Sometimes the alteration has proceeded further with the 
formation of bright coloured metallic ochres and the deposition of 
specular iron in fissures surrounding the dykes. Lastly, the ores are 
found in fissures without any igneous rock, constituting real veins, 
but they always occur in the neighbourhood of the basaltic dykes. 

The hills called Drana K6h (Lat. 29 0 15', Long. 6i° 47') in the 
neiglbourhood of Zeh consist of intrusive quartz 
diorite. Later basaltic dykes run through this 
igneous mass ; the intrusion of these basaltic dykes was accompanied 
by a considerable discharge of mineral vapours which have altered 
both the basalt itself and the neighbouring portion of the diorite. 
Veins varying in width from one foot to three feet run parallel to the 
dykes and contain minerals which probably resulted from the same 
solfataric action. These minerals are quartz and silicate of copper 
or “ chrjsocolla.” The copper ore occurs in small crystals of a tur- 
quoise blue colour. 

At Saindak, particularly in the hill called Saindak K6h and amongst 
the ranges to the north-east, we find the same 
association of basaltic dykes and mineral veins. 
Only here the rocks traversed by them instead of being intrusive are 
sedimentary, consisting partly of volcanic tuffs and agglomerates of 
the flysch period, partly of scales and limestones which contain fossils 
indicating a middle and upper eocene age. The minerals found in 
the veins are principally carbonate of lime, sulphide of lead or 
“galena,” and carbonates of copper, the green carbonate or “mala- 
chite “ and the blue carbonate or “ azurite”. The veins are seldom 
more than a foot in diameter, and it is only where they are widest 
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that they contain galena. The carbonates of copper occur as mere 
incrustations. The galena is occasionally collectedly the inhabit- 
ants and smelted for making shot and bullets. 

Very similar veins are found at Robit K6h and Malik-USiih K6h. 

Here the rocks traversed by them are princi- 

I K6h-i-M al tk-Sia h . J r 

pally nummulitic limestone of lower eocene age. 

The limestone and underlying shales are largely intruded into by 

great masses of diorite, but the mineral veins and also some very basic 

magma basalts are probably newer than the diorite. The minerals 

contained in the veins are mostly iron ores, carbonate of iron and 

hematite, occasionally associated with carbonate of copper. Hematite 

occurs not only in the larger veins, but in the shape of small 

crystals of specular iron it is found coating the fissures and planes 

of stratification of the limestone in the immediate neighbourhood of 

the dioritic intrusions. 4 

Amongst the recent volcanoes which rise in the western portion 

Products Of receot .oi- of the district visited, the K6h-i-Tafddn is at the 
“ noe *- present day in the condition of a solfatara. The 

K6h-i-Sult£n also went through the same stage before it became 
finally extinct ; denudation has since laid bare some large masses of 
rock highly altered by mineral vapours. 

The masses of travertine formerly deposited by thermal springs, 
which are now exhausted, may also be regarded as the products of 
volcanic activity. 

I did not visit the crater of the K6h i-T afdin in Persia, but pieces 
of sulphur picked up upon the slopes of the volcano show that this 
mineral is no doubt abundant. 

The mineral products of the Kdh-i-Sult&n have been described 
in a previous chapter. 
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PLATE IV (Frontispiece). 

The K6h-i-Tafd<n, seen from the north. The cliffs in deep 
shadow form the terminal scarp of the ash-beds of the recent volcano. 
The rocks in the foreground are submarine tuffs of the upper creta- 
ceous or lower eocene period. 


PLATE V. 

Malik-Gat, looking south-east. 

PLATE VI. 

North-eastern aspect of Koh-i-Robit. 

a. Nummulitic limestone {g of Fig. 13). 

b. Shales and sandstones (/of Fig. 13). 

c. Nummulitic limestone (e of Fig. 13). 

d. Intrusive sill of diorite. 

e. Boundary pillar on the summit of K 6 h-i-Malik-Si 4 h ; 

this mountain is a boss of intrusive diorite. 

PLATE VII. 

Southern aspect of K< 5 h*i-Rob£t. 

The tinted portion represents intrusive diorite. The hill on the 
bank of the river-bed in the centre of the picture consists of shales 
(probably eocene), capped by a fragment of a recent gravel terrace. 

PLATE VIII. 

Mails of sections . 

Figure t. 

Section at Tozgi* 

Length of section : about half a mile# 
a . Eurite. 
b % Agglomerates* 

c. Andesite* 

d. Granophyric diorite-porphyry. 
t. Agglomerates. 
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f Agglomerates containing numerous blocks of jiummutttic 
limestone. 

g. Trachyte-breccia and limestones. 
k . Columnar rock (augite-diorit e-porphyry). 


Figure 2. 

Section across the Malik-Gat. 

Length of section : about one mile. 

I. Gypsiferous shales. 

a. Pebble beds with volcanic fragments. 

3. Limestone. 

4. Shales and pebble beds. 

5. Coralline limestone. 

Figure 3. 

Section north of Nushki. 

Lf ngth of section : 6*86 miles. 

a. Volcanic rocks of the flysch series. 

b. Limestones and shales. 

c. Basaltic dykes. 

d. Nummulitic limestone. 

*. Siwaliks. 

f. Slates (probably eocene). 

Figure 4. 

Section across the Kharan hills along the Pfr Puchi pass. 

Length of section : 25*7 miles. 

a. Augite-syenite-porphyry, western extremity of the RAs 

K6h intrusion. 

b. Flysch strata. 

e. Nummulitic strata, principally shales with occasional 

limestone bands. 

d. Charian range, volcanic strata of the flysch aeries. 

e. Tertiary strata. 

f. Zard spring. 

g. Highly cleaved slates of tertiary age. 

h. Basaltic intrusions. 
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». Nummulitic limestone. 
/. Hurmagai valley. 
k. Limestone. 
i, Jala war village. 


Figuri 5. 

Section across the Chapar range. 

Length of section : 1*9 mile. 

а. Olive-coloured shales. 

б . Coralline limestone of Mazanen Chapar. 

c. Brown limestone and tuffs. 

d. Alluvium. 

e. Hills at Kin. 


Figure 6. 

Section between Kishingi plain and Kardagap plain. 

Length of section from east to west : 8*6 miles. 

a. Plain of Kishingi 

b. Limestone band. 

c. Shales in which cleavage is slightly developed. 

d. Limestone band. 

e. Plain of Kardagap. 

Figure 7. 

Strata of small hill at Kin. 

1. Sandstones and limestone, some of them pebbly. 

2. Conglomerates of volcanic material. 

3. Sandstones, coarse-grained and calcareous conglome- 

rates. 

4. Red arenaceous limestone resembling a tuff. 

5. Green tuff. 

6. Limestone with a globular species of Alvetiina. 

7. Olive green shales. 

8. Arenaceous rubbly limestone. 

9 Oyster bed. 

10. Purple flaggy limestone. 
ji. Green limestone. 

12. Limestone with Alveolina similar to 6. 
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PlOVKM 8. 

Section across the Gat-i-Humun, near its western extremity. 
Length of section : about ij mile. 

a. Olive green shales with gypsum. 

b. Coarse volcanic tuff. 

e. Thick-bedded limestone. 

d. Tuff. 

e. Sandstone. 

/. Limestones and shales. 

PLATE IX. 

Details of oottiono. 

Figure 9. 

Section across the Kdh-i-Humai. 

Length of section : about two miles and a half. 

a. Hippuritic limestone. 

b. Calcareous shales, calcareous sandstones, shales, etc. 

c. Tuffs. 

d. Columnar igneous rock. 

Figvrb 10. 

Diagrammatic section between Sar K6h and Amfr-ChAh. 

Length of section : about 5 miles. 

а. Hippuritic limestones, Sar K6h. 

б . Hippuritic limestone, Amfr-ChAh. 

Figure ii. 

Khirthar strata at Saindak. 

Length of section : 3,100 feet. 

a. Volcanic conglomerates. 

b. Thick-bedded unforsiHferous limestone. 

c. Thinner-bedded fossiliferous limestone with Nummulites 

granulosa, Micropsis venus tula, V elates schmideliana, 
etc. 

d. Space bidden by dibris. 

t. Limestone with Nummulites granulosa, N. spira, 
Micropsis venustula, V elates schmideliana , etc. 



LIST OP ILLUSTBATIONS. *99 

f % Limestone with Cerithium van-den-Hecbei t Ovula 
bellardii, etc. 

g. Shales, sandstones and limestones with Cardita , Cor* 
bula, Natica, Turrt'tella, etc. (Lower Nari). 


Figure is. 

.Section amongst the Chigai hills. 

Length of section : about 3 miles. 

1. Yellow calcareous rock. 

2. Serpentine and epidote rocks. 

3. Diabase (^j). 

4. 5, 6, 7. Diabase porphyries (*»&, tf T , ^). 

8. Rocks very much decomposed by solfataric action. 

9. Diabase porphyry 

10. Granophyre (-5^). 

11. Breccia basalt (^^-). 

12. Balanosh Ziarat ; felsites. 

13. Rhyolite (^). 

14. Quartz-felsite (■Jfy) • 


Figure 13. 

Section of north-east slope of Robdt K6h. 
Length of section : about 2 miles, 

a. Recent gravels. 

b. Siwaliks. 

c. Tuffs, agglomerates, etc. 

d. Shales with Orbttolites, 

9. Nummulitic limestone. 

/. Shales and sandstones. 
g. Nummulitic limestone. 


Figurb 14. 

Section at Mukak. 

Length of section : 4*5 miles. 
Explanation of letters in text. 
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Fiour* 15. 

Saindak K6h. 

' Length of section : about 1} mile. 

a. Tuffs, shales, etc* 

b. Very coarse volcanic conglomerate. 

c. Nummulitic limestone. 

d. Red shales and sandstones (upper eocene). 

e. Conglomerate similar to b, displaced along a thrust- 

plane. 


Fieuni 16. 

Section south-west of Tafui. 

Length of section: 11*5 miles. 

Explanation of letters in text . 

Figurb 17. 

Section through Saindak. 

Length of section : 19 miles. 

a. Siwaliks. 

b. Tuffs. (Basaltic dykes.) 

c. Coarse volcanic conglomerate. 

d. Nummulitic limestone. 

e. Outline of Saindak K6h. 

/. Nummulitic limestone. 

g. Volcanic conglomerate (the same as *)« 

k. Tuffs, sandstones, shales, etc., limestones with Aiveolina, 
i. Siah K6h. 

/. Tuffs, shales, etc., with highly developed slaty cleavage. 

A. Shales and sandstones, coming in contact with the pre- 
ceding rocks along an overthrnst fault (soe Figure 19). 

l . Mirjawa plain. 


Fiovbb 18. 

Section along the Nimik Pass. 

Length of section : 12 miles. 

a. Laghar K6h (volcanic rocks). 

■b. Phogh Din. 

t. Tuffaceous limestones and abides. 
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d. Slates (probably eocene) with narrow limestone bands. 
t. Limestone. 

f. Nummulitic limestone of Shir ’Ajab Zidrat. 

g. Basaltic dykes. 


Fioors 19. 

Overthrust, in the hill ranges south of Saindak. 

a. Bright coloured shales, tuffs, etc., with slaty cleavage 

highly developed. 

b. Greenish shales and sandstones without any slaty cleav- 

age, forced over the strata («) along a thrust-plane. 

PLATE X. 

Highly tilted tertiary slates at Zard in Kharan. 

PLATE XI. 

Columnar intrusive sill, near Mirjawa. 

PLATE XII. 

Siwaliks overlaid by recent gravels. Lar valley. 

PLATE XIII. 

Granitic intrusion, K6h-i-Hanjirdan. 

1 he higher peaks consist of intrusive rocks. The lower spurs 
are highly altered slates, with bands of limestone containing nummu- 

lites. 


PLATE XIV. 

Cliffs of volcanic ash-beds in the Kdh-i-Sultdn. 

The blocks in the foreground are fragments of a weathered lava- 
flow. 

PLATE XV. 

Kdh-i-Abd, a weathered mass of accumulated lava-flows, in the 
centre of the Kdh-i-Sultdn. View looking east. 

PLATE XVI. 

Batil K6h, a recent cone of lava rising upon the southern talua 
of the K6h‘i-Sult6n. 
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Map No. /. 

Geological Sketch map of the Baldchisttn desert. 
Scale 16 miles. 

Map No. a. 

The K6h*i-Sultin and neighbouring volcanoes. 

Scale i # s>4 miles. 

Map No. j. 

Crater Rings of the K 61 i-i-SuItan. 

Scale i* =4 miles. 
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Petrological notes on some Peridotites, Serpen* 

TINES, GABBROS, and ASSOCIATED ROCKS, PROW 
Ladakh, North-Western Himalaya, */ Lieut.- 
General C. A. McMahon, F.R.S., F.G.S. 


INTRODUCTION. 

Til* peridotites and serpentine* dncrib«d in the following pt|w 
in (ond intrusive in tbe tertiary volcanic anrinn of Ladakh, North 
W anto n Himalaya. 

S own of tbe specimen* were collected by the Inte Dr. Ferdinand 
Stolietln, and the rest by Messrs. R. Lydekker, F.R4L, r.CAi 
R. D. Oldham, aaae, P.<la, and T. IX La Tone**, and this roflee 
Una of roc ks bn* been lent to me for description by tbe Onkyfaf 
Snnmy «f ladfe. 

Or. StaBcsfca's refer e nce to tbe rocks of tbe Pip relief n|| 
be f o aad at p is*, VeL V, Memoirs, GeoL Sore. led. "Tboso 
ysne tno ee schists,'* Or. Stotteska writes, "form both aides of the 
Pip eaUey nod become towards tbe ep ide t s recks enmewbec 
chins itic, and even geinetiferoon. They dtp s p e tn e t tbeco spldete 
narks pfi a t s they are sisibte in the easter n part of tkn Pfp enlley, 

, Tbe uk of Ceeaingkem s T tmmtmym ter f wn s dW’ mage 
oonafeCe bees af s s arise of dimllsg* end see /refute- rocks. 

til, 



304 MCMAHON : PETROLOGICAL NOTES ON SOME PERIDOTITES, ETC* 
From their dark colours these rocks have sometimes been ref er r e d to 

H 

as bat alls, but they have certainly nothing to do with tbese more 
recent volcanic rocks. At first coming to the camp on the Pdga stream 
we met with an epidote rock, consisting of crystallised or granular 
masses of epidote, quartt and albite. The epidote when crystal* 
Used occurs in short prisms of yellowish or bright grven colour. 

It is often replaced by diallape occurring in the same manner in 
short laminar prisms and forming a beautiful tftnifoUkt rock. 
Somewhat farther to the north the epidote disappears altogether, 
and the diallage is often found disseminated through a dark green 
serpentine mass, and in this way forming a very peculiar rock which 
by many geologists, especially in the Apennines and Southern Alp's, 
would be called gabbro; the Himalayan agrees exactly with the 
Alpine rock. Dtallage occurs besides in large lumps, and very 
seldom is any broneite to be seen here. The serpentine rock 
contains also sometimes sparingly seolitic and felspathic minerals, 
and varies greatly in colour. Further to east it is occasionally to be 
found in serpentine-schist and purer in thin veins. In the Pdga 
valley itself no stratification whatever is perceptible in the whole 
series of these last-mentioned rocks : they hare a truly massive 
structure. 

What is still remarkable and perhaps worthy of notice are large 
spheroidal masses of quarts, which, in addition to numerous quarts 
veins occur throughout the serpentine rock. ” 

The following specimens collected by Dr. StoKcsks are described 
In the following pages 

No. 94— ato.* Gsbbro from the Pdge valley. Ladakh. 

94-jli. Gabbro (nun the Piiga valle), Ladakh. 

94—313 Prrxkrtite (Lhermbte), Mat ha nver, L adakh. 

04— eta. Pendente, Puga valley. I -a dak h. 

94— si$. Peridot it* (Soxomtr), Puga valley, Ladakh. 

94— »t*. Serpent me alter pkrtuv Pd*a valley, UMh. 

94— aa$> Serpentina, from Haati (Rapehab 

e the asuhiw ghen la the taper are thaw twee hy the spwwasa is the C athy ca l 
taney MtsMcCtlMU 

< * ) 



Mr. R. L^tk&i^i account of the "southern tertiary taiifciy 
mi the large aeries of volcanic rocks Mt whb atoog Mis fen" 
vill bo foaad at p p. 111*115, Memoir of tii« Geology ef Kaakmfc 
(Meototts, Vol. XXII, Geol. Soto. lad.). 

"Al tho north-western eatremfcy ol tbo tertiary mm , 0 
Mr. Ly dekktft write*, ** tbo purple shales of P/Ukim are overtai* bp 
a great aaa of basaltic trap, or tors, which is tins regioa consists of 
greenish aaaaa e etee, weathering to a pale -brown colour. Atthoagb 
there is ao ritibie instance of tho intrusion of the trap into the hade 
of the sedimentary rocks, yet tho relations of the two ire sorb as to 
radicate that the trap is the newer rock. It has, however, been 
already shown that trap pebbles are contained in the higher tmtiariea 
to the south-east, and it may, therefor, be pretty safely inferred that 
the emission of the trap took place daring some part of the (bee of 
Ihe deposition of the terhartes M (p t r «) 

The hand of trap has in places, as it Sharpol, a width '*aa much 
as ten miles.” It is occasionally M much muted op* with altered 
tertiary sedimentary rocks, the * remnant* of the sedimentary ter- 
tiarieo which probably once extended conuneomly over the whole 
area, bat which base been broken up and atoned by the eruption of 
the volcanic rocks. * 

Mr. Lydekker traces the outcrop of the trap from po*»t to (•oral, 
bat the details seed not be gives beta and be notes that * «a the 
neighbourhood of Umaydro ” it is * much involved with pa i wo re k 
rocks.* 

“ Tho trap ia the a b ov e -met raoed area.'' Mr. Lydekker coo* * 
tineas (p. ns), * has been described as tompowd of Aoe-gmard 
urn greenstones, basalts, serpeolan*, and a few amygdaloid* 
and, according to Dr. Stoiietka, ol f*bb*o and d ufl ap r rocha, Ko 
porphyritic trap occurs, sad whea worm, most of the pchblo* aeqatre 
a darh-kcovra (tor." 

Tho trap* gradually die out to the westward of the Zdoshm rives, 
and the *♦ nolo mass of the aedue en tery trttsww* eumno tote direst 

t I ) 
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contact with the carboniferous rocks." " To the south-eastward of 
Skin tbe sonthern tertiary boundary runs near the right bank of the 
'Markka river" . . “In the valley of the Markka along this 

boundary tine, numerous small masses of trrf$ are met with, which is 
generally of a more crystalline structure than the trap to the west* 
ward of the ZAnskar river ; and it is probably pebbles* of this trap 
which are included in the higher tertiary conglomerates. In places, 
as on the upper Gya river, this trap has burst through the pre- 
tertiary rocks, and frequently has included in itself masses of the 
latter crowded with crinoids. To the south-east of the Gya river the 
band of carboniferous rocks dies out, and the tertiaries on both their 
borders are in direct contact with the older crystallines. From a 
little to the westward of the Ptiga river to the extreme easterly limit 
of Kashmir territory, an irregularly wedge-shaped mass of tbe trap 
separates the sedimentary tertiaries from the older crystallines, and 
it is near the southern border of this trap that the extensive mineral 
deposits of the valley chiefly occur" (p. 1 13). 

At psge 115, the author notes the oicurrence in the Marpo ravine 
In the Dras valley of a "serpentine, indistinguishable from that of 
PAskim " which he thought might “ belong to the palseozoic traps." 

The following specimens collected by Mr. R. lydekker are 
described in the following |»ge» ■ — 

No. 94- »ts. GnM.ro from Peak D. 34, I-sdakh 
„ 94- vi 7. Prridotite (Lheriohtej from Markha valte>, ladakh. 

„ 4- alt* Serpentine tBowenilr), Skiu valte), Shigxr. 

„ 94— 39. Hornblende-rink from Ladakh. 

* „ 94—218. \ oleame *kh from \\ angst, Ladakh 

M 94- 324. Fme-gramed ash from do. do. 

Mr. R. D. Oldham writes as follows regarding "Tkt Indus 
Valley Ttr tint its “ in the Records, Geol Sutv. Ind., Vol. XXI, 

p. *M : — 

** As these have already been described by Mr. Lydekker more 
fully than I could do, I shall confine myself to considering the coo- 
t buttons that may be drawn from theta. 

( 4 ) 



UDAXH, NORTH* WKSTMUt HINMAVA. JO? 

To begin with the serpentine rock*: both Dr. St«Mb RRft 
Mr* Lydekker speak with uncertain voice regarding their modi of 
origin, bat both convey the iapniwo that they 'w# a Urge utre^r 
■ man, though ia both description* there are not wanting indication* 
that the author* did not altogether accept this conclusion 

I crossed these rocks once on the section from I'dg* to Maya ami 
again between Leh and Kashmir. In both ra*e* I found beds ol 
clastic origin, ashes and agglomerates intcrstrstified with traps* To 
take the first named section starting from l'ug» the hast rochjPtn* 
after leaving the gneiss, is a serpent menu slate, this is succeeded by 
a conglomerate or breccia «f state and tinsestooe, the fragments itt 
flstteoed by pressure and traversed by an imperfect rlravsf*, nod 
fine-grained laminated beds with fragments of rusk >n< luded. The 
matrix of these rmks contain many sms it fragments of pyroxene. 
Further on the sokarm fat irs bn omet more marked, and we have 
tuff and ashes with dense pyrut rmr iraps, a>! «f whwh have under* 
gone more nr I >#» complete serpent mou* clang*'. 

Where the stream brift to the rsst, the dip of the beds, which 
had been northwards changes to south, but is very obscure. At the 
bend of the strram a lied ol limestone occurs among the vofcsak% 
bat is rot up by faults into small patthes of a few yard* across seat* 
tered up and down the h.flside 1.1 almost perplexing manner, and 
this intense rutting up of the beds is sufficient to acioont for the 
absence of distinct and contiou .u* bedding m the traps 

A* to the interpretation of this section, it would *1 first *pps*r 
that froos Pig* to the fiend m the strram there was an ascending 
and below that a dew ending section, the crystalline hmeotoe* 
occupying the centre uf a sytalmaf. Hut lower down 'Stream tbn 
sarna limestone occur* on the kills south of the valley above thn 
dense traps, and to judge by the fragments brought down by stream*, 
t* overlaid by beds very like those wen in contact with the gams* 

On tbr section along the Kashmir mul these features srs not so 
well seen, but even there ash- beds cm be found among the treys* 

( * > 
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So there on bo bat little doubt that we bare here a <nw twcvuo 
ferioft • ? 

I malt Hot be misunderstood to den/ the existence of intrusive 
rocks. I have myself seen these some miles south of Karxok on the 
Tso Morari and as far north as Shushal. Intrusive rocks doubtless 
Occur among the v^Jcanica, indeed this is but what oyght be ex* 
pected and may doubtless account for the ambiguity in the two 
published descriptions, 

An to the lithology of the beds, beyond what is implied in 
the Wove passages, nothing need be added to the descriptions of 
Dr. Stolics ka, Mr. Lydekker, and later of Colonel McMahon.” 

The microscopical examination of the following specimens col* 
lected by Mr. R. D, Oldham are described in this paper, via. 

No. • — *78. Lheriolite from the Pdga valley, Ladakh. 

H 8— a;6. Serpentina attar Troctolha, Pdga valley, Ladakh. 

„ 8—179. Porphyritic diorite, from N. of Chang La, Ladakh. 

,, 8—280 Porphythie diorite. Junction of Chang and Inchlnt 

valley 1, Ladakh. 

„ 8—181. Porphyritic diorite. Junction of Chang and Inchine 
valleys, Ladakh. 

„ 8 — ayt. Volcanic aeh, from the Pdga valley, Ladakh. 

„ 8— aya. Volcanic ash, from da do. 

• 8—175. Volcanic ash, from da do. 

The following specimens collected by Mr. T. D. La Touche are 
also described t— > 

No. 8— aOJ. Serpentine from valley W. of Sim La, Z 4 nsk»r. 

m 1—094. Serpentine from do. da 

The wooed edition of Medlicott and (Stanford's Manual of tbo 
Geology of lodin by Mr. R. D. Oldham contains at page 346 the 
following reference to the Ladakh igneous and volcanic rochet— * 

"In tbo sections east ward* el Leh, conglomerates are said 80 
oocor near the upper limit of the wries, and tbeao eongtowentes 
contain pebbles of the veknaie bode, which will presently be 
described, and of ousMautiric ti o a ee to ne. The occurrence of those 
last shows that tbo beds had locally how ihritef end ripened td 
( * ) 



It** eewtrsl Mm of the oi p o ww tb nihmtnj' Mi Hit 
1» Met cMhet vitk tb older rock* along tbir mil ■we st er n 
tfMrgia, Imi at fitbr extremity they ere m pirated by • fleet ttritl 
0t volcanic roefrs of • eery berk *vpe. There eae be no doubt tM 
Ibeee rock*, which form tbe eppnr limit of the ter fiery ayetem «t th« 
regies, ere in the male contemporaneous erupt "r* pnbcti, M they 
iociede beds of volcanic seb and agglomerate, 1 but there ere slut 
o om e to ua inttuwve miun associated with the bedded trap#. Ml 
trappean intrusions are also found in the prr -tertiary recks south* 
west of the boundary, which are «vid*attv connected with these 
same eruptive rocks. These intrusions are interesting as, at Pdfs 
and in the Markh* valley south of Leh, they are composed of peri* 
dotite, until lately the onlt recorded instance* of nltra-beak rock* 
having been found in India ”• 

The microscopical esammation of the specimen* enumerated 
above shows that many of them are ultra-basic peridotitcs, tad 
others are serpentines formed by the more or baa complete alteration 
of olivine rock*. Both groups belong to the plutonic ctaaa of Igneoe* 
rocks ; their structure is completely holo-«f}sullior, and they have 
never bowed out on the surface of the earth aa lavas. The asm* 
remark applies to tbe gabbroa. 

The association of these holo-rrystatline plntonk rock* till 
voknak bed* of isva and ash, an in the Pigs valley, must bo purely 
accidental. The belo-crysuHier i gneons recks are evidently, m 
naggseted by Ur. Oldham, intrusive in the vokaotc series, and m «p 
possibly been so direct genetic relation to them It b quite a 
commeo feetere m Himalayan geology to ied dt verso igneous 
rock* itllowlog each other along the aamo plane* of weakness. 

A* erfil ho seen from my detailed dewcnptieo of the porphyvitk 
diorit* collected by Mr Oidham (which was oet foood « 

>(, A. xrx. S u* (<«»> . • n enow. hs*n *»J 

ft tmftVMh 

*c A, wrfilkl tmt), XUL ft MI tsOtf* 

if) 
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! regard this rock as a hypogene representative at a volcanic rock 
rather than a volcanic rock itself. The born Meade-rock, «aid to he 1 * 
aa altered pyroaenite, is also a hypogene rock. It in donbtfal 
whether any of the rock specimens described in this paper include 
a true lava. 

The samples of ash sent me are from the Wapgat and Ptign 
valleys. As these rocks have been much altered by the combined 
effects of pressure, aqueous infiltration, and the contact action 
of intrusive igneous masses, it is in some cases difficult to say 
decidedly whether one is dealing with an altered ash, or a metamor- 
phosed lava : and, in other cases, whether the rock is an ash or a 
very fine-grained fragmentary rock containing aome splintery pieces 
of add lavas, such as felsites and rhyolites. 

One of the serpentines from Shigar (4 — a 10) collected by 
Mr. Lydckker is of especial interest as it proves to be the rare 
variety called bowenite or pseudo-jade. The description of this 
rock is given at page 11. 


F’eridotites. 

No, A— »7 8. Ptrtdoht* (Llirrmltt*) from the P4fa valley, Ladakh 1 cal- 
loclcd b> R. D Oldham, F t>.S 1 Sp. G. a'86$. 

This is a much altered rock composed of olivine, mOnoclisJc 
pyroxene, a little enstatitr, hastite, diallage, grains of magnetite, and 
secondary decomposition products. 

The olivine is traversed by very numerous canals of terpentine 
and ia cut up into rounded grams 

The pyroxene has also suffered much (10m decomposition. It ie 
dull and polarises very feebly. Like the oiinue it it penetrated by 
infiltration canals, but they are not so numerous as those fat the 
former mineral. They are filled with a colourless s e r pe n tinona 
mineral inert in polarised light The diallage and hastite pnrims 
hardly any double refraction. 

The olivine grains arc sometimes fringed with radiating tafia of 
inn needles, with oblique extinction, which are evidently name lavas 
( • ) * 
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«i ampWbofe. Isotropic i twdOT lMi afawfld MUM often into*. 
«•« between the terpentine proper end tbe pyroxene end button.. 
I think it ta identical with that stopping the caonk in tbe pyroaen e 
and is a nridf of terpen tiae. 

N*. M — *>J- AUtrtd Pm/ftitt fLhermUt*) from It* MaHiha Hw> 
Ladakhi aibctW by the law Dr. Fsrdinand htslwsfca » Sp. 0. y»JS» 

This specimen haa already been described by me in tbe Records, 
Ueol. Sure, led., Vol. XIX, p. 117, and I quoted in that paper 
Dr. StoKcska's and Mr. Lydekker's references to it in the Meat., 
Geol. Sure. Ind., Volt. V, p. 343, and XXII, p. 1*7, from which It 
Appears that it ia intruyivc in rocks of eocene age. 

Thif peridotite it composed of olivine, cntiatite, augite, pkotite 
and magnet ite. Olivine it very abundant, the major part of the feck 
consisting of it. Fme aqueous canal* traverse it in all directions, bet 
beyond the formation o I these chanrrU serpen tin isation baa m ad e 
no progress and hat lelt tbe body of the mineral quite fresh. The 
angite and emutite, on the other hand, cihibit the commencement 
of tbe first stages of conversion into dialing* and bastHe. 

Cracks ia the rock are stopped with a colour less throne Hf< 
pentiae. 

ga M-r/f Alt*r*4 Inw Piga vsJtri, Ia4dt| uitiiwi by 

the lau Dr. FrrdiMad iSrotwahai Sp G jtjp 

This rock coe tints of serpentine and diaiUgc with a considerable 
a mou nt of secondary magnetite. The serpentine and dialing* pro* 
sent their usual character* and do not need detailed description. 
Serpentine ia the moat abundant mineral, but dialings done not fail 
eery far behind it. 

ga Futull/ slttrid fttrtdmt* (uwaO) hum the Mgs vsbsy, 

Ladakh , usBecwd by th» 1 st* Dr . Fsrtisaad SuActha > Sp G rtj) 

Ilia rack was described by me in the Records, Geui Sure, ltd, 
Vtd* XIX. p. »»$. It k comp osed of obvtoe, aorpeotioe, rtdil l lh 
pyrenes* and pkotite. 


( 9 ) 
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Qiiriae constfarted the mjof part of tk original rack. Ik 
proportion of freak olivine to serpentine to the hatMtapectowt 
examined varies very much, fn places olivine preponderates sad 
the field of the microscope consists of fresh otivtae traversed by a 
network of narrow canals filled with serpentine. la other places the 
field consists of serpentine with small remnants of unaltered olivine 
left in it here and there. 

The enstatite is colourless and polarises feebly. It is cat np by 
canals of serpentine and has evidently sustained considerable strain 
and pressure. The lamellae are sometimes bent and strain shadows 
are not uncommon. Some of the slices exhibit a lamellar iater* 
growth of monoclinic pyroxene and enstatite similar to that described 
by Rosenbusch. 1 They can only be distinguished from each other 
in polarised light. 

The slices also contain some allo*triomorphic crystals of pyroxeno 
and tome picotite. The structure of the rock is hoio*crystalline. 

A ft, PtriioUti (Lkfrtohlt) from Markka valley, Ladakk j coUsc • 

ted by R. l.ydekker, F.R S. s Sp G. rgjb. 

This rack is composed of olivine, enstatite, augite and picotite. 
Olivine is by far the most abundant mineral and enstatite comes nest* 

The olivine is traversed by a perfect network of serpen tine 
canals, but Is otherwise quite fresh. The enstatite has also suffered to 
some exteat in this way, but not so much as the olivine. Both 
the enstatite and the augite are nearly colourless in transmitted fight 

The structure of the rock is holo-crjstalline. 

SERPENTINES. 

tt*. a— ire, S<rf*ut»u, tftiu BtmtutU, from the Skiu vaSsy. Shiga? $ «M» 
lacted b> R. Lydakkar, P.R.S. 

Mr, Lydekker in bia Memoir oa the Geology of Kaehanr (Mmolr% 
CtodU Storv. UmL, Vol. XXII), at page itp refers to thfc ae r p a nt too 
aa toUowa t«—** la these shaly rocks (of carboniferous age) sossewbant 

• MkisawriBsl Hurt ia r nto al Um l ad nas k iaa ukwato to Nwaatosto. Two 
toOf ltom p. aas. 

< »e ) 
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* 

t%fc tp on tbs peak >un 4 Miif>'flw df (hMft (Mt) fttn 
«eeu« lit pcMUkfiOnr calcareous terpentine, (ngnwti of which 
are found Mini into the ravine* k|o*. This rock, which appeals 
to be riatitf to the ooe from the pnMmd Kuting mHm of tl* 
upper Wardwan valley, is *iten*ively •ought by the Shigar people 
for the maaufactagng of email cope, etc, sod wilt be further alluded 
to la the chapter oa economic geology." 

The occurrence of the rock in the upper Wardwan valley h ro> 
(erred to at page 150 of the Memoir a* follow* •— ** Between the paae 
and Raagmarg, in the upper Wardwan valley, there occur* oe the 
right bank of the river another mast o( the ttmr granitoid-gnriso, 
overlain to the aoutb and weat by dark *Ute* and the characteristic 
sspra-Kuling rocks. These alates contain band* of a grcenlnh set- 
pentinoea rock identical with a similar ntk under tying the supra - 
Knling seric* of Shigar, and it is accordingly presumed that three 
rock* are the partially altered Kuting aeries." 

The paaaage m the chapter no etoouwic geology alhided to in 
the extract given above is a* follows —“I 1 10m a cakarroua on 
pontine or verd antique occurring in the (probably* Kulmg rock* of 
the neighbourhood, cup* and smalt eases arc catcnmvely manufactured 
Ot Shigar, la Bnltiataa. The r<xk is locally known asyesham, or 
(tds, nod ia of bright »pple*green voloer, sometime* shading off to 
yaBow, or bottle-green. A specimen of on* of these cup*, pre«cnt«d 
by the present writer, i* in the Indian Museum and Mother presented 
by Mr. Drew, in the Geologies! htnaeem, Jermyn Street.'* {Men* 
01 rs. Goof- Sere. Ind., Vol. XXII, p jjy.) 

The iaMeprinm in the Cnketu Museum, No. 4**10, * coloured 
on An weathered anrfnc* a dsdl gretnteh*yvliow us dining, *| 
(teddy broken (ace*, to a pale sulphur yellow It* specific gravity is 
erg* 1 and fts be rd n ee s 5. 

In aadrt to cnapnre the rock with the typical boweane from 

lisas mwsmits an *sn 4nwu e U n » an* Us *hs «•«**• «*•** «< *su <M* 
•al s-<m*. t «n«ssssl ta'shwss si wanNs W si wmwww**i • The 
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Afghanistan described by me in the Miaeralogical Magtxme, yoL ix, 
p. 187, 1 have made an analysis of the Shigar rock, mtidkl five 
below (No. 1) side by side with that of the Afghin bowenite made 
by Mr. G. T. Prior, M.A., F.G.S., F.C S., of the Mineralogical Depart* 
ment of the British Museum 


l, from Shigar. 

Silica 

41*13 

P*. 11, bon Afykiwiusa. 
4473 

Magnesia 

43^5 

49*04 

Alumina 

1*23 

W3* 

Iron 

1*49 

0*33 

Ume 

•*7 

trace 

Manganese 

Ml 

oee 

Water 

13*46 

irti 

Total 

10013 

100*3 

SpG 

”48” 

**S9 

H. 

50 



It will be seen from the above that both rocks are substantially 
the same in composition. In both the hardness is considerably in 
excess of ordinary serpentine. 

None of the specimens of the Afghin mineral that I have seen 
have the peculiar sulphur-yellow colour of the Shigar rock. On the 
contrary they vary from a dark greenish-grey to pale sea-green 
mottled with white and apple-green. Mr. Lydekker did not see aay 
of the Shigar bowenite «n st/tt. His specimens had fallen from the 
Mango-Gusor peak and were picked up in the ravines at its feet. 
All the blocks from this locality appear to have been of yellow colour. 
Mr. Lydekker saw, however, the apple-green variety at Shigar to 
which place it is brought in order to be made into cups. He did not 
see it in situ, but doubtless it is found somewhere in the neighbour- 
hood. The apple-green variety, Mr. Lydekker states, sometimes 
shades into yellow or bottle-green. 

I trust that some future explorer will find the actual outcrop of 
bowenite and ascertain its exact mode of occurrence. Is it in dykes, 
sills or in veins ? Does the apple-green variety shade off into the 
sulphur-yellow variety or do they form distinct outcrops? la what 
( »* ) 
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ttM doti |H appear ul «l what period did lit iutrwb* of 
boweqHSe trice (dace? 

Drier the aricroecope thin tHeea el (be Shiga? bowenite, whoa 
riewed between craned Nicoh, exhibit scattered epecka of doabfy 
refracting mineral matter oa a dark back-ground very anggeativo 
of a ntar-spangtah sky on a ctar dark night. On revolting the 
Nicola the bright point* become dark and the dark oaca bright. Tbo 
•lice* contain no isotropic matter eacept in vein*. 

The doubly refracting part idea are of mkrotcopic «U* *'<4 are 
witboet a trace of crystalline form. 

Thin dice* contain small granule* of magnetite, and art dotted 
rarer with irregular opaque spots, white in reflected light, the exart 
mineral character of which i* uncertain. Some of the terpentine 
occurs in strings having a transverse fibrous structure. 

The double refraction of the scrperitmr in the Shigar bowenite 
fat low. it possesses straight extinction. The character of the depoia* 
ritatloa is positive, *ud it* refrac tion tic* between | 560 and I’M, 
The mkroecopk examination of thin slice* doe* not afford any 
clue a* to the nature of the original minerals out of which the *tr< 
pentlM tea* formed. All original structures hair been obliterated. 
Even " the curved leathery and sbcaf-Iike crystal*,'* seen is the 
bowenite of Afghiniatin. and which I referred to olivtne as their 
parent, are absent in the Shigar ruck. 

1 give 'for comparison reproduction* of photograph* of thru 
sifame of dm two rocks as aceu eoder the mkiwtofm between 
crossed Nicola: we., fig. », Ft 17, Shigar bowenite. fig*. a and 
3 nmoH nnd lugt grained Afghdn bowenite. 

« isifuisf reward* p*>r«*», Iru m 

Nga salty, Ladakhi ceMacwd by R. 0. Ofakw, f i*A , V » ftp 

Tbe lmad*«pocira|l if a dark greenish-grey iw^nt reck spotted 
with while, 

«**&» *f m*mmm •* ’tm 


t u l 
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The original rock appears to have bees a bofo-crystaUiqe miktn* 
of olivine, monoclinic pyroxene, and labradorite, the olivine largely 
predominating. The olivine has been almost wboUy transformed late 
serpentine, pale yellow ia transmitted light. It exhibits the want 
mesh-structure in polarised light, and eyes of unaltered olivine are 
visible here and there. Marginal deposits of magnetite are abundant 
as in normal serpentine. 

The pyroxene and labradorite are both nUo-trimnorphic. The 
pyroxene is very highly altered and steatltic. In only one sSce, 
Mo. 1994 of the Calcutta Geological Museum microscope slides taken 
from No. 8-377, *• an y of the pyroxene at all fresh. The labradorite 
exhibits multiple twinning, the maximum extinction being 
Some of the felspar is traversed by fine infiltration canals which have 
penetrated into it from the serpentine 

The hardaess(4) and Sp. G. of the rock are both rather high for 
serpentine. 

No. 8—093 Strf>tntin&, from rtm valley west of Sirs* Us , collected by 
T. O. LxTouche j Sp. G. 1*638. 

The bulk of this rock is made up of serpentine after olivine* 
The conversion of the latter mineral has been complete and no eyes 
of olivine have been left in the serpentine. The thin slices examined 
also cootaia remnants of augite, a finely fibrous serpentine, picotito 
and some magnetite. The pyroxene fragments are mere remnants 
of large crystals, the major portions of which have been converted into 
serpentine by aqueous agents. The aagite exhibits a single cleavage, 
aad in some cases the angle of extinction measured from that 
cleavage U as low as from 6* to 1 1*. This may be dec to partial 
utilisation. 

The only mineral that calls for any commeq||b the finely throne 
serpentine. It is rather suggestive of bastite, bat as it has evidently 
been derived from augite and not from enstatite, it cannot be refer- 
red to that mineral. It is almost colourless ia this se ct ions, it has 
< 11 I 



a feeble doable rrfa dh a ud hat At NfmdM Wo efeerpeetii.. 
b converging polarised light t could get no definite rout he two villi' 
<,^ ioomitt ten* in oil. TWe fibrosa terpentine generally eur» 
roonda remnants of corroded aogitet nod in evidently ike product of 
the decotnpoeition of large crystal* of (Hit mineral. (Pig*. 4 nod $1 
finite 18.) Thin conclusion is confirmed by too observation*. The 
firat ia that a large augite (Fig. 5, Plate 18) ia penetrated by solo- 
tka veina which are now filled with the fib root serpentine and 
thia ia continuous with the fibrous lerprstitt in which the augite 
in imbedded. The veina widen out towards the margin ot the angitis 
like the months of river*, and the fibrous serpentine in them paaaen 
iftto the fibrous serpentine outside without a break of any kind. 
The second fact ia that though the fibrous serpentine hat gener* 
ally straight extinction, I Have observed one or two cane* In whkh 
tike extinction is oblique. The Utter lact seems to indicate that the 
serpentine was derived from a moooclinic pyrosene, but that Ha 
conversion in some case* was not quite complete. 

Tki* fibrous serpentine is I think a variety ol chrysolite. 

ff* SawftmHm, from ih# -•»** w*w •* Seta la, iWwr i cattwled 

by T . IX La loucU 

The two hand-specimen* consist uf serpentine with a vein of 
white soda-somite running through H. 

The dark portions ol the hand -specimens are com p os e d of ser- 
pentine with aBo-triomerpbic crystals of eastern c and magnetite 
fanbededed m U. No eye* ol oimae remain. 

The fnttoermg sole was made by Mr. F. R. Mallet, r tu, wxa^im 
the Chknlta Geological Survey Laboratory hook, p. 1 >>, ender date 
igtik Journey. ••»«- 

“So. G. 3*44* .Mr. Bfyth) 

U. 7. 

Fete* easily to a Mebb y bead with strong m tu mt ece n cv , Win* 
treated lor two and a kaMheem with streeg hydrochloric acid fir* 

< «f ) 
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per cent, was dissolved (Mr. Blyth). After ignition gelatinises with 
hydrochloric acid. 

Contains abundant silica, alumina and lime, a very little iron, 
magnesia, soda, and a little water. 

In all the above characters the mineral agrees with zoisite, except 
that it is decomposed (without ignition) by hydrochloric acid. A 
specimen of zoisite from Valtigl, Tyrol (M. 1639) when heated in 
hydrochloric acid for a{ hours had 10-41 per cent, dissolved. After 
heating for hours in strong sulphuric acid 8*4 per cent, only was 
dissolved of 1-177," [viz., the white mineral in 8-394 under consider- 
ation. New numbers seem to have been given to the specimens 
after their transfer to the Geological Museum ] 

The specific gravity 3*442 and hardness of 7, alluded to above, 
appears to refer to the white mineral (zoisite) and not to the rock 
specimen as a whole. I found the Sp. G. of the serpentine to 
be 2*67, and the zoisite 3*483, whirh latter corresponds very 
closely to Mr. Blyth’s figures. 1 updated on a small piece with the 
aid of a chemical balance. Dana gives the Sp. G. for "ordinary' 1 
soisite as 3*226 to 3 381 (Text-book of Mineralogy by E. S. Dana, 
189*. P- d 38 )- The slight increase in the Sjx G. of the Zlnskar 
mineral is doubtless due to the presence of the oxide of iron, 
numerous dots of which are to be seen in thin slices under the 
microscope. 

Some would probably call the mineral under consideration 
•ausaurite and the term would not be inappropriate. Dana puts the 
hardness of aausanrite as 6*5 to 7 and the Sp. G. as ranging from 3 
to 3'4 (System, 6lh Ed, iRqj, p.515). "In composition it often 
approaches soisite, of which it has been regarded as a soda-bearing 
variety.” 

As the name saussurite appears to be given to minerals which 
differ much from each other and at " it is rarely, if ever,” Diana 
states, *a homogeneous mineral,” I think it will be best to cat! the 
while substance in the vein running through the Zlnskar serpentine 
( «6 ) 
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s«* 

• sod#*roi»ite. Its optical characters i^ree with >on<t#« Part of if 
is* clear am] transparent, but bee and th'rr it «• > tootle. I and opaque. 
Its double refraction is feeble, and olten it ha* n» action -*n pola* 
riaed light. Its refraction i« hnjh namely, holier than I 030, and 
lower than r;^o. The refraction of misile ruige* iron 1 ?njb to 
I'joa. • 

A h y^— stiff j ? *r^ b t Vt ‘^4 *»*<•* I ftd&fch s c4 ictti 4 
b> t tor i tit 1 1 f ml **(»<* * \ 

This rack h cun*i«>*r <1 of < } uir, augUe, *nti * 

Ibc^iut tumid bei*t£ the most and tte Hm»u thf i* ul Abundant 

ftiinrral 

The serpentine contain* or* <d r»% inr, an «f exhibit* the until 
n\ th hUtalurr a^< 1 <th* f . lar a* t r t * t *f* t i M*ne /r lift <1 (tom 
that mineral. if** mi i* 1 non* r *n mg thr^gh it 4 r«% u% 
niutl in olivine-** m »> * r » <d m *g< w fMr (brown 

down a\ a ike inn a* ir {»%»« it m the c< f»r*r >f H <•- deenmp nttioo ul thf 
oliitnc And thf lormati *o uf frj,< nlmr 

P e sagit** 1* i olon* Vi « m tu.i. ^ if I hg!** An! »* prohAtdjp 
wtabt olitf or *u a!'* u *j**i *r • It rrrK * th Siti deeded 1 If itagr, 
but when it due* »t * uW *»» g'*" PetvAge fr*een 1 ng th*l *4 

lluilUgf) It >• (f4*t t \ \ O* if * *iaJ f4l)4* * «>f V fp* * t ft* h%t A* 

nail (a such vaio s tl r p* roam# hit tot yielded a* readily t< 
aqueous 4 gtnU a* *Ut * Vine 

[lie Iflupar ui nweto d f lomprrteJ, I .c *t vtoow* the *!Ut( twinning 
of pUgiotUve Jvidg jf „ frnfft t*e jngb * tf f Atm« tit ft (the litghral 
obtained to *vtu v ie tau* * m 44c 1 elf U • 'K* r d oinu^t 
infiltration*!*# *U it ipp* art to be lung I * bic Ul>n *vff »< > nr*, 

M* f* ^ eU»ft H t i s\« 

!> hfd H elM ft Ml k* . * «„ 

Tkii l* an flJiftA/y *frj-rfit.ne «x k b ‘ if* Shr ^<* 4 } «***!»* 

lUactarc, aaJ 1* (uaipoaed ul tkr ua * «^ui n*, .# > * #« tt acu! 

IS 
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titaniferous iron. It also contains ferric oxide. The hand-speci- 
men has a slicken-sided appearance and under the microscope the 
rock is seen to have been subjected to 'pressure, shearing, and here 
and there to contortion. 


Gabdros. 

No. 94—310. Cabbro . collected by the late Dr. Ferdinand Stdiczka, ia the 
Puga valley, Ladakh , Sp. G t,'oj6. 

When examined under the microscope this rock is seen to be 
composed of augite, dial Inge and saussurized pLagioclase. 

Nearly the whole of the augite has been converted into diallag& 
and only portions of the crystals hate escaped change. Both 
minerals polarize brilliantly in colours o( Newton's second order. 
They contain tabular allo-triomorphic patches of brown hornblende 
rather suggestive of biotitr. Hie plcochroism of the hornblende is 
somewhat feeble ; and betwet n crossed Nicnlsit changes from a dark 
blackish-grey to a pale orangr-ycllow of the first order. It shows no 
cleatage. With convergent polarized light it gives a biaxial bar. 
It looks like a secondary product of dec imposition. 

The felspar — an altered pUgioelasc— has been more or less 
metamorphosed into zoisite. In hardness it is about 6') of Mohs' 
scale. A chip of it sank in cadmium boro-tungstate, its specific 
gravity is therefore greater than 3*18. This agrees well with 
soisite, which has a hardness ol 0 to 65 and a specific gravity of 
from 3*386 to 3 381. 

Between crossed Nicola the soisitic felspar ranged from a feeble 
yellowish white of the first order to isotropic. 

The structure of the rock is bolo-crysufiine. 

N*. 93— tit. Gobbro collected by lk« fate Dr. Ferdinand Stoficaha, in the 
Pdga valley , Ladakh 1 Sp. G » 959 

Thin rock in a holo-cry eta lime mixture of diailage and Ubradorite 
felspar. 

( •* ) 
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The diallage is very typically developed. it usually polarirc* 
brilliantly in colours of Newton’s first order. Here and there it hat 
•offered alteration to hornblende and in other places into taiiite. 

The felspar, judging from the angle o! extinction from the 
twinning plane of albite twins, is labradontc. The maximum 
extinction in fiur suitable cases was 35 It has Miff*red more nr 
leas conversion into toisite, the change being partial in mine eaten 
but complete in others. 


Mo. 94—21 J. Gtbbra, from Peak I). 34, ! aAa^ . a tffftrU R 1 vdfk* 
l R S. KG.S, Sp (* ,|*> 

ThU rock i* competed of olmur and dialUgi* with *mre phot dr, 
the first mentioned mineral predominating. 

The olmnr it fairly trr*h and polar i»”»* \ filluntl) *n th* Mur, red, 
and yellow of Newton'* ond 1 rder. It »i tra v * 1 *e «| by torn# 
aqtieou* canals but serpentin tati >n has hardly lormnrmrd. 

The diallagr, on the other band, it c&trnm l) dull lie tween ■ rotted 
Nicola and polamc* feebly m tbadr* of gr^y 

The rock hat evidently sustained tontidcrabU pftteurr, The 
olivine it much cracked, and here and there y t <>u 4 mi-in 
teasel la ted structure mutative of (be t’*v lUted ^uarU id t hr Hina* 
iiym granite*. » Moth the obvine and the rihibit »tra»« 

shadow*. Some of the Utter alto show an interrupted toil*!##* 
cUatinct from the lin«* drat age. 

Poitn^aiTic r Mittitr 
Co» iMetl th R DO A R S V( MA 

A*. m Lutaltf, Nyet*r tut id ltu» I**, None & CMaf L * 4 

Ladxfck. 

A# Lotatoy, pmetm of the Utang aw* I* ba* ** 5 *> t, l #d*hk. 

Mi I— all. l.-tcahs?, pmciM <d tke Cba^f a*** Ifttfcut* latk'nn f 
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The above specimens Are all samples o( identically the same rock 
and it will be convenient to describe them together. 

The matrix appears to the unaided eye to be compact in structure 
and varies from a dark slaty to a dark greenish-grey. 

The porphyritic felspars are in thin tabular crystals, the face b 
(010) forming the platy surface. They sometimes attain a length of 
4 centimetres and their average width is about 2, and their thickness 
from o'2 to o'4 centimetres Owing to traction, or pressure, whilst 
the rock was in a plastic condition, the b (010) faces are generally in 
the same plane, so that when the fractuied surface of the hand-specu 
men coincides with that plane, platy « rystals onl) are seen. On the 
other hand, when the fractured surface of the specimen is at right 
angles to that plane, only slender, l.ith-sliaped crystals are visible. 
Both these features are well seen in the hand-specimen 8—281. 

The porphyritic felspars, judging from the extinctions measured 
from the twinning plane in suitable- cases, and other features, belong 
mainlv to the labradmite spec ies, though a lifjtte andrsinr appears to 
be also present. The Ubradorite belongs to the most acid variety, 
the highest extinction angle obtained not exceeding 26°. 

The orientation of the large felspars is generally speaking 
approximately parallel, but lure and theie the) locally radiate at 
various angles up to «x»* from tins general direction, indicating 
the existence of local variation in the effects of traction on the flow 
ol the viscid uncooled mass prior to consolidation. 

The microscopical examination of thin slice* shows that many of 
the porphyritic felspars possess 10n.1l structure. They bave some- 
times been cracked and shattered internally and contain marginal 
inclusions of the magma, w hich also penetrated them in the form of 
tonguea. The cracks are sometimes filled with chlorite and some- 
times with a structureless isotropic substance, whit h is probably 
allied to soUite. Portions of the felspars in some cases, are fairly 
fresh. Other crystals are much corroded and some have almost 
become psendomorphs of chlorite and rotsite 
( 90 ) 
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The gitrondmass it composed of alkvtriocnorphk 
felspar prism*, and iron ores, namely, magnetite, /mem!*, pyntt and 
Umonitt, 

The hornblende is pleochroic in shades of grcr n and greenish* 
yellow It rarely exhibit* any cleavage, and it is not at all fresh. 
It polarises sometimes in < olo r* of New ton * first order, but a < bang* 
into chionte had evidently begun, aod had made progress in sotM 
individuals. It, or the augitr from is huh t was derived, waa 
evidently one of the last miner iU to trvsullise out of the cooling 
magma, for it i* micro poikditu and gen rtlly rm U»*r* several small 
fflspars wholly, nr pirtiallv, wit’un i' <'v*taf< Occasionally the 
am phi bole exhibits a tenden y to brv* me i it unorphir, but never 
•how' decided crvstailographu » utliri*'* 

'Theserond generation of Mspart v *ry %r rv mu< h m sue, bet 
one that may be maMderr * t fair ivenge «prt »mr» measured cm>J 5 
millimetres lot / U C)^i, thuk, Ih <*m ill frUpar* alluded to as 
the snond generation, arr i I e ther m t# nary or multiple twine. 
The extinctions in tin*** inter nedi Ur n the murobths and 

large pnrphvritu. ftl*p* r * rmge from if>t to degrees and the 
imcroluh* from O up to 1 hose eitirgo *h*rvg from u* to 0* 

are (irobably oiigovdasr and tl e t tiers at d labrador >u with » me 
andesitic or albite* 

None of the above three specimens were found ** ##/#, but cams 
from blocks In recent deposit* I dr* nb^d 1 a porphyrltu volcanic 
rock under the name of basait^porphirv from the ndge above 
Bhaadalt in tk Cbim'u trmturjf on the bwnleft of tk ICnlintf 
Scat*, which, ouriuv^iCAilji con*wJ<rf«*4, »cr» » »* h ifc# 

rock* wader CttMMiefutui*. lb* buuit e«» ib»t» pof> 

pKfrittc pligKJcInir W*j*»n iboul w a dUrk'grejr Compact 

•atm, wUb uader the »#•**<*>¥* »* *ern n> he a waited ium of 
(ekpar mtcmiiib, m a beet, gcanulif hue nr gr<j«a4aM*t TV* 
fpretfie gravity d the (Ihuada! rock »rr**g*il t that ai 

k Urn, »*« W t«J, XV tU * *4 


t j < ) 



324 mcmahon - petrological notes on some pbridotites, etc., 

No. 8—280, determined with the aid of a chemical balance, was 2*90* 
Very possibly the porphyritic diorite of Ladakh may be the hypogene 
representative of some surh volcanic rock as the Bhandal por- 
phyritc and its hornblende may be paramorphic after augite. 

94—19. Hornbltnit*foclc % from Iudakh \ collected by R. Lydekker. 

F.R.S., F.G.S ; Sp. G. 3*095. 

This is entered in the list as a u Pyroxenite almost completely 
changed to hornblende-rock.” This short description is doubtless 
correct and may be based on observations in the field. The rock is 
said to be of pro-silurian age. 

Under the mistroscope the thin slices are seen to be composed 
of hornblende with some magnetite. T he hornblende is in shape- 
less crystals or grains In transmitted light and in thin slices it 
varies from colourless to a pale sage-green and pale blue-green. 
A single cleavage is sometimes well developed, but it is generally 
very imperfect. Thi> is crossed b) transverse cracks which are 
inconstant in direction The angle at Much these cracks cross the 
first cleavage sometimes suggests the c ross*c lc a vage of augite 
and sometimes that of hornblende. Pleochroism is not strong and 
the changes ate from pale yrllowish-brono to a pale brown-green. 
The angle of extinction varies from is* to Between crossed 
Nicols some sections are very dull, but some polarire rather brilliantly 
in the blue, yellow and red of Newton s first order. 

The hornblende is not at all fresh, and alteration to toisite has 
been more or less set up. 

There are also here and there nests of an almost colourless mica. 
U is evidently a secondary product. 

Van Mac* has shown tlut both augite and amphibole change into 
toisite. The alteration of amphibole into epidote has long been 
known and pctrologist:* are familiar with the fact that epidote and 

* Piw^lna(N. Aoiwfcfta P>e- C mkIkui fcy C R V** lixt, 690. 
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and zoisite are often intimately associated together. In the cant of 
the rock under consideration, I think it probable that the hornblende 
was derived by paramnrphic change from augitc. * >n thui *uppo*i> 
tion the variation in the angle* of catipttion could be easily accounted 
for. The conversion of augtte into hornblende would, wr might 
naturally expect, hare been more complete in some crystals thaa 
in others. 


Volcanic ami. 

St r — j 71. Vvtfn 1 MA, front IWa .a! . l.atU'ah , c Ihxlf.l by 

R. l> Ol i‘ im, K (. s, 

* Thu specimen 1 * dark gteen in < ilout a< d ha* a sjiecihc gravity 
ol A‘4}I5. froii thr hui !-*[*'♦ imrft/hr j »c W r >t.t*r idtMMtrd 

an or j^mai Intuited %tr ktiiff or \ tjfvtifufitwi K 4 * bcrii 

fiipr rmduce*l \>y ** 

‘I hr tmcmiu 4 [ wra! v%a • 1 ht »* ! % t m k if # * not rftablr twr 

to dc 1 r '<• l»tr ‘t* r It \\ u jroSaMv *1 %rty 

flOf-^Tei actl Mi*t» Si t, l5 Mf h » ft rr i, gr(» £ t*a »t 4iirr tUilf* 

po*,’ Of t! r, Jrn r <f ih * Iitt t tj-f^ ft Ifr re* li 

non ©t a htry iw.+-%uutu \ mutiirr <f or tr jral n*i< tip* 

granubr ejiidot** (a %anrtv 'ivih 10 - I'r, dotted with 

w&gnetitc and an op 4 ^> r tub^taiue, whstf in rrrt^trd Uj{b« # tot 
which there di*c* not urm r> hr aim (Irttmtr mineral oAmr, It in 

a product Cf dr* t»H*pO*il»oi* and l**uk* Ik r a cum* brtwrr* Inwcoacnr 
lid ionite, fhr alter i* much permeated by cilolr and caoUim 
remain* ol fetapar*, ton r ol *bk b arr ttu I are (hr to* k »§ prob- 
ably a h%h ly altrrrd a«b, 

Af* 4 -iri A’K from ik* Pifi ** 8 *y, t+d*kh 1 coliactwl by 

It li OiJKia, HA* Sft O- 3 

Thia ta a trtrf ttaadar r<v k to tli« latt. It coat**** ot WfWf 
ahervd felspar crystal*, or iregnt'el* of < ryttaU Mattered about to 
a ground ma*a composed of ep«d<>te, chief <te, tsimr, Ir/oc «id* ( 
and (he while opaque nune*a’ nc>.r waned in the de*cfipt«'»« of tier 

< n ) 
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lMt slice. The felspars have in part been converted into chlorite 
and otherwise much altered. 

The rock is probably a highly altered ash. 

l o. 8—17$. Volcanic Ash, from Puga valley, Ladakh j collected by 
R. D. Oldham, F.G.S. t Sp. G. 2-873. 

t 

The hand-specimen of this rock is greenish grey iii colour and 
is dotted with black augite crystals* Viewed macroscopically it 
appears to be an undoubted ash. 

The microscope confirms this verdict . but at first sight thin 
slices of the rock when examined under the microscope are in some 
respects suggestive of a lava. 

Numerous crystals of augite l pale brown in transmitted light, 
which contain inclusions of the groundmass, arc penetrated round 
their edges by tongues, and closely resemble corroded phenocrysts. 
This impression is rendered stronger by the fact that the material 
which forms the inclusions and the tongues is identical with the 
groundmass itbdf; and all of it is uniformly dotted with minute 
spots, or patches, of white and opaque mineral matter resembling 
lcucoxene. The tongue*, moreover, are continuous with the ground- 
mass, There is no physical break between them suggestive ot 
clastic structure. 

This pseudo-corrosion appear* to have been produced in the 
following way. The original rock, I take it, was composed of augite 
and felspar phenocrysts imbedded in a glassy or fdspathic base, and 
the phenocrysts of augite contained iuclu*ions ol this base. Then 
came the volcanic cxplo*ion that formed the ash* The Urge augites 
were broken into fragments and were in their passage through the 
air abraded at their edges by collision with each other. The material 
of the groundmass, on the other hand, broke up more easily and 
formed a very line-grained dust which by subsequent pressure was 
forced into tongue-likc abrasions in the augite crystals. Lastly, 
there followed aqueous infiltration that caused a segregation o l the 
t R4 ) 
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titaaitaroas 4 ros Is Um fatty rote mis t a d fab, and Is At M £ 
ttoss el the baas is Um a s g ftse . Optqse spots serf psfabes el 
leocoscse were that formed is the fraud****, is the p ies is 
tongues, tad is the isctasiosa. Aqaeone isfiferstwe stilt further 
ousted the clastic character of the rock by converting whet niseis ad 
of the faely comminuted ash into a chbrfeic-eerpestis*. flee cssais 
of which sot only meander aboet us the grot admass, hat penetrate 
the augitea from aide to tide. 

The augites are seat ljr sR distinctly fragments, though Is one eeae 
an idiomorphic crystal remains intact, there are alee fragment* 
of felspars. They are much titered and (oatain patches of thlorilk 
'serpent mows material and of estate, or magnesite, and magnetite. 
The latter is alto to mm no m the groan dross*. 

I be rock on«W*r description afford* a good object lesson nf how 
aqueous agent* acting a finely comminuted ash, may Obliterate 
evidence of it* rla»tic origin Where the contact action of igneous 
itlrumr r * ki follow the actioo of aqueous agents Still gusttl 
difficulties may arise. A 'cally good suite of apacimens i» nnthast 
indispensable to enable a petrologist to say positively whether a 
rock is a highly metamorphosed a»h or a Highly altered lavs. 

Ntt H — VjI **i£ Aik, frnet Wangsl. ladabb , foilaCMd by 
ft LjMkn PRS, V*' i% I be reck occurs aHkh 
tmurj anu 

This ash ha* already been described by me is tha Records, 
Ceol Ssrv. InrL, Vol. XIX, p 1 18 (iWb). It is a darkfroy frag, 
mental rock with a alight greenish tinge. 

Under the microscope the rock is sacs to he made sp of eah» 
»«fJ« and qskatery fragments which vary m*ch is sits. Som a sf 
them are fragments of acid vokank rocks sock as fakute. rhywMtte 
lavs, and porphyry There i pc 1I10 puttm «4 Mtfttff cijfi 

talUse hme a tss e, asd grains of magnetite and ti iaadar on a km. 
ft m tha two hut that ^w the rack its (ugh specs** gravity. If we 
escept the iron, which appears te hr as angnal rasatiimrst aaf 
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not a secondary product of infiltration, none of the fragments were 
derived from basic lavas or ultra* basic igneous rocks. 1 have not 
detected any ferro-magnesian mineral in the slices cut from this 
specimen. Besides the above-named rocks the thin slices also contain 
grains of calcite and fragments of quartz and felspar. 

The fragments of which the rock is made up are the reverse of 
fresh, but the alteration set up in them seems to have taken place 
before the formation of the ash. The thin slices are not stained or 
streaked by any visible aqueous agents. 

The ash reminds me of the ash-like fragmental rock which 
occurs in the Gupis-Yasin section of the Yasin valley described in 
my paper on the Geology of Gilgit (Quart. Journ. Geol. Soc., Vol. 56, 
pp. 357, 358). They must both have been derived from very similar 
rocks. 

No. $4—334. Pint-graintd Ath, from Wsngat, tadakh ; collected by * 

R. Lydekker, F.R.S.; Sp. G. 8754. Said to be of eocene age 

This is a greenish grey and very fine-grained fragmental rock. 
It is made up of subangular fragments very closely packed together. 
They are all small, but vary much in relative size. None of them 
are water-worn and there is no parallelism, or lamination, in their 
arrangement, the longer axes of the fragments being ot lentated in 
all directions. 

Some of the fragments can be definitely recognised as lavas, 
but the majority cannot be identified as such. They consist of 
angular, subangular, or splintery pieces of quartz, trichnic felspar, 
crystalline limestone, granite, and schist Some of the quartz 
graina contain numerous liquid cavities with movable bubbles and 
were evidently derived from a granite. Some fragments appareatly 
came from porphyries or rhyolitic rocks. 

Tac slices contain dots and patches of red or dark brown ferrite, 
but no ferro-magnesian mineral, or fragment of a basic igneous rock. 
Except in its finer grain, and in the nboence of magnetite, it very 
much resembles the last-mentioned specimen. The fragments are 
( * ) 
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w* fresh and are dotted and streaked with oo opaque substance, 
dead white in reflected light, suggestive of fotcoxcne* 

I cannot say decisively from the microscopical examination of 
thin slices of this rock whether it is a fine-grained grit made op mainly 
of fragments of igneous rocks or whether it is of true pyroclastic 
origin. Three thing*, how*' ter, may be positively affirmed regard- 
ing the rock, namely, that it is of clastic origin , that the materials 
of which it is composed are not watcr^worn, and that they cannot 
have travelled far. Presumably, therefore, it is an ash. 


EXPLANATION OF PLATES XVII AND XVIII. 

1 Sh K* r bmMffiuc ii wen under the microscope between crossed N tools. 
I- *f a A ne-gr aired «i ce oi A.ghin bow emu under crossed Nicole, 
f* f 3 grained Afghan boo emit moo betoesn crosesd Nicole. It it 

composed o< leaves ul terpentine (aatigorks) On revolving tbs 
untied NicoJ*, the dark portion* become light and the Ugh* per* 
t On* Hark 

4 Augtt* partially converted into fibrous o r psw iu (chrytofiWJ 
fr'ff 5* Aug tc penetrated by large solution vttm. Si led with fibrous ssrpsn 
tme (chrytotik), continuous with (he chrytotil* turrossAaf chi 
a ague 

Fig» i— 5 are collotype reproduction# orf photographs taken by tbs sufcir, 
Some of (He photographs have been enlarged in order tomabe tbs 
m cro-ir octurc viaifete in the printed plate* 
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